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In	 ﾠa	 ﾠrecently	 ﾠintroduced	 ﾠtransgenic	 ﾠmulticolor	 ﾠlabeling	 ﾠstrategy	 ﾠcalled	 ﾠ
“Brainbow,”	 ﾠCre-ﾭ‐lox	 ﾠrecombination	 ﾠis	 ﾠused	 ﾠto	 ﾠcreate	 ﾠa	 ﾠstochastic	 ﾠchoice	 ﾠof	 ﾠ
expression	 ﾠamong	 ﾠfluorescent	 ﾠproteins	 ﾠ(XFPs),	 ﾠresulting	 ﾠin	 ﾠthe	 ﾠindelible	 ﾠ
marking	 ﾠof	 ﾠmouse	 ﾠneurons	 ﾠwith	 ﾠmultiple,	 ﾠdistinct	 ﾠcolors.	 ﾠThis	 ﾠmethod	 ﾠhas	 ﾠ
been	 ﾠadapted	 ﾠto	 ﾠnon-ﾭ‐neuronal	 ﾠcells	 ﾠin	 ﾠmice	 ﾠand	 ﾠto	 ﾠneurons	 ﾠin	 ﾠfish	 ﾠand	 ﾠflies,	 ﾠ
but	 ﾠhas	 ﾠyet	 ﾠto	 ﾠrealize	 ﾠits	 ﾠfull	 ﾠpotential	 ﾠin	 ﾠthe	 ﾠmouse	 ﾠbrain.	 ﾠHere,	 ﾠwe	 ﾠpresent	 ﾠ
several	 ﾠnew	 ﾠlines	 ﾠof	 ﾠmice	 ﾠthat	 ﾠovercome	 ﾠlimitations	 ﾠof	 ﾠthe	 ﾠinitial	 ﾠlines	 ﾠand	 ﾠan	 ﾠ
adaptation	 ﾠof	 ﾠthe	 ﾠmethod	 ﾠfor	 ﾠuse	 ﾠin	 ﾠadeno-ﾭ‐associated	 ﾠviral	 ﾠ(AAV)	 ﾠvectors.	 ﾠ	 ﾠWe	 ﾠ
also	 ﾠprovide	 ﾠtechnical	 ﾠadvice	 ﾠabout	 ﾠhow	 ﾠbest	 ﾠto	 ﾠimage	 ﾠBrainbow	 ﾠtransgenes.	 ﾠ
	 ﾠ
INTRODUCTION	 ﾠ
The	 ﾠdiscovery	 ﾠthat	 ﾠrecombinant	 ﾠjellyfish	 ﾠgreen	 ﾠfluorescent	 ﾠprotein	 ﾠ(GFP)	 ﾠfluoresces	 ﾠ
when	 ﾠexpressed	 ﾠin	 ﾠheterologous	 ﾠcells1	 ﾠhas	 ﾠled	 ﾠto	 ﾠa	 ﾠvast	 ﾠarray	 ﾠof	 ﾠpowerful	 ﾠmethods	 ﾠ
for	 ﾠmarking	 ﾠand	 ﾠmanipulating	 ﾠcells,	 ﾠsubcellular	 ﾠcompartments	 ﾠand	 ﾠmolecules.	 ﾠThe	 ﾠ
discovery	 ﾠor	 ﾠdesign	 ﾠof	 ﾠnumerous	 ﾠspectral	 ﾠvariants2-ﾭ‐13	 ﾠ(together	 ﾠcalled	 ﾠXFPs;	 ﾠref.	 ﾠ14),	 ﾠ
expanded	 ﾠthe	 ﾠscope	 ﾠof	 ﾠthe	 ﾠ“GFP	 ﾠrevolution”	 ﾠby	 ﾠenabling	 ﾠdiscrimination	 ﾠof	 ﾠnearby	 ﾠ
cells	 ﾠor	 ﾠprocesses	 ﾠlabeled	 ﾠwith	 ﾠcontrasting	 ﾠcolors.	 ﾠ	 ﾠAt	 ﾠleast	 ﾠin	 ﾠthe	 ﾠnervous	 ﾠsystem,	 ﾠ
however,	 ﾠtwo	 ﾠor	 ﾠthree	 ﾠcolors	 ﾠare	 ﾠfar	 ﾠtoo	 ﾠfew,	 ﾠbecause	 ﾠeach	 ﾠaxon	 ﾠor	 ﾠdendrite	 ﾠ
approaches	 ﾠhundreds	 ﾠor	 ﾠthousands	 ﾠof	 ﾠother	 ﾠprocesses	 ﾠin	 ﾠthe	 ﾠcrowded	 ﾠneuropil	 ﾠof	 ﾠ
the	 ﾠbrain.	 ﾠ	 ﾠ
	 ﾠ	 ﾠ 3	 ﾠ
Several	 ﾠyears	 ﾠago,	 ﾠwe	 ﾠdeveloped	 ﾠa	 ﾠtransgenic	 ﾠstrategy	 ﾠcalled	 ﾠBrainbow15	 ﾠthat	 ﾠ
addresses	 ﾠthis	 ﾠproblem	 ﾠby	 ﾠmarking	 ﾠeach	 ﾠneuron	 ﾠwith	 ﾠa	 ﾠdifferent	 ﾠcolor.	 ﾠIn	 ﾠthis	 ﾠ
method,	 ﾠthree	 ﾠor	 ﾠfour	 ﾠXFPs	 ﾠare	 ﾠincorporated	 ﾠinto	 ﾠa	 ﾠtransgene,	 ﾠand	 ﾠthe	 ﾠCre-ﾭ‐loxP	 ﾠ
recombination	 ﾠsystem16	 ﾠis	 ﾠused	 ﾠto	 ﾠmake	 ﾠa	 ﾠstochastic	 ﾠ“choice”	 ﾠof	 ﾠa	 ﾠsingle	 ﾠXFP	 ﾠto	 ﾠbe	 ﾠ
expressed	 ﾠfrom	 ﾠthe	 ﾠcassette.	 ﾠ	 ﾠBecause	 ﾠmultiple	 ﾠcassettes	 ﾠare	 ﾠintegrated	 ﾠat	 ﾠa	 ﾠsingle	 ﾠ
genomic	 ﾠsite,	 ﾠand	 ﾠchoice	 ﾠwithin	 ﾠeach	 ﾠcassette	 ﾠis	 ﾠmade	 ﾠindependently,	 ﾠcombinatorial	 ﾠ
expression	 ﾠcan	 ﾠendow	 ﾠindividual	 ﾠneurons	 ﾠwith	 ﾠone	 ﾠof	 ﾠ~100	 ﾠcolors,	 ﾠendowing	 ﾠ
nearby	 ﾠneurons	 ﾠwith	 ﾠdistinct	 ﾠspectral	 ﾠidentities.	 ﾠ	 ﾠ	 ﾠ
	 ﾠ
If	 ﾠCre	 ﾠrecombinase	 ﾠis	 ﾠexpressed	 ﾠtransiently,	 ﾠdescendants	 ﾠof	 ﾠthe	 ﾠinitially	 ﾠmarked	 ﾠcell	 ﾠ
inherit	 ﾠthe	 ﾠcolor	 ﾠof	 ﾠtheir	 ﾠprogenitor.	 ﾠAccordingly,	 ﾠthe	 ﾠBrainbow	 ﾠmethod	 ﾠhas	 ﾠbeen	 ﾠ
adapted	 ﾠfor	 ﾠuse	 ﾠin	 ﾠlineage	 ﾠanalysis	 ﾠin	 ﾠnon-ﾭ‐neural	 ﾠtissues	 ﾠof	 ﾠmice17-ﾭ‐21.	 ﾠIn	 ﾠaddition,	 ﾠit	 ﾠ
has	 ﾠbeen	 ﾠadapted	 ﾠfor	 ﾠanalyzing	 ﾠneuronal	 ﾠconnectivity,	 ﾠcell	 ﾠmigration	 ﾠand	 ﾠlineage	 ﾠin	 ﾠ
fish22,	 ﾠ23	 ﾠand	 ﾠflies24,	 ﾠ25.	 ﾠIn	 ﾠdisappointing	 ﾠcontrast,	 ﾠthe	 ﾠmethod	 ﾠhas	 ﾠbeen	 ﾠlittle	 ﾠused	 ﾠin	 ﾠ
the	 ﾠmouse	 ﾠnervous	 ﾠsystem26.	 ﾠWe	 ﾠbelieve	 ﾠthat	 ﾠthe	 ﾠmain	 ﾠreasons	 ﾠare	 ﾠlimitations	 ﾠof	 ﾠthe	 ﾠ
initial	 ﾠset	 ﾠof	 ﾠBrainbow	 ﾠtransgenic	 ﾠmice.	 ﾠThese	 ﾠinclude	 ﾠsuboptimal	 ﾠfluorescence	 ﾠ
intensity,	 ﾠfailure	 ﾠto	 ﾠfill	 ﾠall	 ﾠaxonal	 ﾠand	 ﾠdendritic	 ﾠprocesses,	 ﾠand	 ﾠdisproportionate	 ﾠ
expression	 ﾠof	 ﾠthe	 ﾠ“default”	 ﾠ(i.e.,	 ﾠnon-ﾭ‐recombined)	 ﾠXFP	 ﾠin	 ﾠthe	 ﾠtransgene.	 ﾠWe	 ﾠhave	 ﾠ
now	 ﾠaddressed	 ﾠseveral	 ﾠof	 ﾠthese	 ﾠlimitations,	 ﾠand	 ﾠpresent	 ﾠa	 ﾠnew	 ﾠset	 ﾠof	 ﾠBrainbow	 ﾠ
reagents	 ﾠhere.	 ﾠIn	 ﾠaddition,	 ﾠwe	 ﾠprovide	 ﾠguidelines	 ﾠfor	 ﾠimaging	 ﾠBrainbow	 ﾠtissue.	 ﾠ	 ﾠ
	 ﾠ
RESULTS	 ﾠ
Design	 ﾠof	 ﾠBrainbow	 ﾠ3.0	 ﾠtransgenes	 ﾠ	 ﾠ 4	 ﾠ
As	 ﾠa	 ﾠfirst	 ﾠstep	 ﾠin	 ﾠimproving	 ﾠBrainbow	 ﾠmethods,	 ﾠwe	 ﾠsought	 ﾠXFPs	 ﾠwith	 ﾠminimal	 ﾠ
tendency	 ﾠto	 ﾠaggregate	 ﾠin	 ﾠvivo,	 ﾠhigh	 ﾠphotostability,	 ﾠand	 ﾠmaximal	 ﾠstability	 ﾠto	 ﾠfixation	 ﾠ
with	 ﾠparaformaldehyde.	 ﾠBecause	 ﾠsome	 ﾠXFPs	 ﾠthat	 ﾠranked	 ﾠhighly	 ﾠin	 ﾠcultured	 ﾠcells	 ﾠ
performed	 ﾠpoorly	 ﾠin	 ﾠvivo,	 ﾠwe	 ﾠtherefore	 ﾠgenerated	 ﾠtransgenic	 ﾠlines	 ﾠfrom	 ﾠ15	 ﾠXFPs	 ﾠ
(Supplementary	 ﾠTable	 ﾠ1	 ﾠand	 ﾠrefs.	 ﾠ2-ﾭ‐13).	 ﾠOf	 ﾠthe	 ﾠXFPs	 ﾠtested	 ﾠin	 ﾠthis	 ﾠway,	 ﾠ7	 ﾠwere	 ﾠ
judged	 ﾠsuitable:	 ﾠmTFP1,	 ﾠEGFP,	 ﾠEYFP,	 ﾠmOrange2,	 ﾠTagRFPt,	 ﾠtdTomato,	 ﾠand	 ﾠmKate2.	 ﾠ	 ﾠ
	 ﾠ
From	 ﾠthese	 ﾠXFPs,	 ﾠwe	 ﾠchose	 ﾠthree,	 ﾠbased	 ﾠon	 ﾠthe	 ﾠcriteria	 ﾠof	 ﾠminimal	 ﾠspectral	 ﾠoverlap	 ﾠ
and	 ﾠminimal	 ﾠsequence	 ﾠhomology.	 ﾠ	 ﾠThese	 ﾠwere	 ﾠmOrange2	 ﾠfrom	 ﾠa	 ﾠcoral	 ﾠ(Excitation	 ﾠ
peak	 ﾠ[Ex]549nm,	 ﾠEmission	 ﾠpeak	 ﾠ[Em]565nm),	 ﾠEGFP	 ﾠfrom	 ﾠa	 ﾠjelly	 ﾠfish	 ﾠ(Ex488nm,	 ﾠ
Em507nm),	 ﾠand	 ﾠmKate2,	 ﾠfrom	 ﾠa	 ﾠsea	 ﾠanemone	 ﾠ(Ex588nm,	 ﾠEm635nm)2,	 ﾠ9,	 ﾠ11.	 ﾠOur	 ﾠ
reason	 ﾠfor	 ﾠminimizing	 ﾠsequence	 ﾠhomology	 ﾠwas	 ﾠto	 ﾠensure	 ﾠthat	 ﾠthe	 ﾠXFPs	 ﾠwould	 ﾠbe	 ﾠ
antigenically	 ﾠdistinct,	 ﾠin	 ﾠcontrast	 ﾠto	 ﾠspectrally	 ﾠdistinct	 ﾠbut	 ﾠantigenically	 ﾠ
indistinguishable	 ﾠjellyfish	 ﾠvariants	 ﾠ(EBFP,	 ﾠECFP,	 ﾠEGFP,	 ﾠand	 ﾠEYFP).	 ﾠExploiting	 ﾠthis	 ﾠ
property,	 ﾠwe	 ﾠgenerated	 ﾠantibodies	 ﾠto	 ﾠthem	 ﾠin	 ﾠdifferent	 ﾠhost	 ﾠspecies	 ﾠ(rabbit	 ﾠanti-ﾭ‐
mCherry/mOrange2/tdTomato,	 ﾠchicken	 ﾠanti-ﾭ‐EGFP/EYFP/ECFP	 ﾠand	 ﾠguinea	 ﾠpig	 ﾠanti-ﾭ‐
mKate2/TagBFP/TagRFP;	 ﾠSupplementary	 ﾠTable	 ﾠ1).	 ﾠTests	 ﾠin	 ﾠtransfected	 ﾠcultured	 ﾠ
cells	 ﾠconfirmed	 ﾠlack	 ﾠof	 ﾠcross-ﾭ‐reactivity	 ﾠ(data	 ﾠnot	 ﾠshown).	 ﾠ	 ﾠ
	 ﾠ
Next,	 ﾠwe	 ﾠaddressed	 ﾠthe	 ﾠneed	 ﾠto	 ﾠfill	 ﾠall	 ﾠparts	 ﾠof	 ﾠthe	 ﾠcell	 ﾠevenly.	 ﾠUnmodified	 ﾠXFPs	 ﾠ
labeled	 ﾠsomata	 ﾠso	 ﾠstrongly	 ﾠthat	 ﾠnearby	 ﾠprocesses	 ﾠwere	 ﾠdifficult	 ﾠto	 ﾠresolve,	 ﾠwhereas	 ﾠ
palmitoylated	 ﾠderivatives,	 ﾠwhich	 ﾠtargeted	 ﾠthe	 ﾠXFPs	 ﾠto	 ﾠthe	 ﾠplasma	 ﾠmembrane,	 ﾠwere	 ﾠ
selectively	 ﾠtransported	 ﾠto	 ﾠaxons	 ﾠand	 ﾠlabeled	 ﾠdendrites	 ﾠpoorly15.	 ﾠ	 ﾠWe	 ﾠtherefore	 ﾠ	 ﾠ 5	 ﾠ
generated	 ﾠfarnesylated	 ﾠderivatives27,	 ﾠwhich	 ﾠwere	 ﾠtrafficked	 ﾠto	 ﾠmembranes	 ﾠof	 ﾠall	 ﾠ
neurites	 ﾠ(see	 ﾠbelow).	 ﾠ	 ﾠ
	 ﾠ
Based	 ﾠon	 ﾠthese	 ﾠresults,	 ﾠwe	 ﾠgenerated	 ﾠ“Brainbow	 ﾠ3.0”	 ﾠtransgenic	 ﾠlines	 ﾠincorporating	 ﾠ
farnesylated	 ﾠderivatives	 ﾠof	 ﾠmOrange2,	 ﾠEGFP,	 ﾠand	 ﾠmKate2.	 ﾠWe	 ﾠretained	 ﾠthe	 ﾠ
“Brainbow	 ﾠ1”	 ﾠformat15	 ﾠin	 ﾠwhich	 ﾠincompatible	 ﾠwild-ﾭ‐type	 ﾠand	 ﾠmutant	 ﾠlox	 ﾠsites	 ﾠare	 ﾠ
concatenated,	 ﾠso	 ﾠthat	 ﾠCre	 ﾠrecombinase	 ﾠyields	 ﾠa	 ﾠstochastic	 ﾠchoice	 ﾠamong	 ﾠXFPs	 ﾠ(Fig.	 ﾠ
1a,b).	 ﾠ	 ﾠ	 ﾠWe	 ﾠalso	 ﾠretained	 ﾠtwo	 ﾠother	 ﾠfeatures	 ﾠof	 ﾠthe	 ﾠBrainbow	 ﾠ1	 ﾠstrategy.	 ﾠ	 ﾠFirst,	 ﾠwe	 ﾠ
used	 ﾠneuron-ﾭ‐specific	 ﾠregulatory	 ﾠelements	 ﾠfrom	 ﾠthe	 ﾠthy1	 ﾠgene14	 ﾠbecause	 ﾠit	 ﾠpromotes	 ﾠ
high	 ﾠlevels	 ﾠof	 ﾠtransgene	 ﾠexpression	 ﾠin	 ﾠmany,	 ﾠalthough	 ﾠnot	 ﾠall,	 ﾠneuronal	 ﾠtypes;	 ﾠother	 ﾠ
promoter-ﾭ‐enhancer	 ﾠsequences	 ﾠthat	 ﾠwe	 ﾠtested	 ﾠsupport	 ﾠconsiderably	 ﾠlower	 ﾠlevels	 ﾠof	 ﾠ
expression21.	 ﾠSecond,	 ﾠwe	 ﾠgenerated	 ﾠtransgenic	 ﾠlines	 ﾠby	 ﾠinjection	 ﾠinto	 ﾠoocytes	 ﾠ
because	 ﾠthis	 ﾠmethod	 ﾠleads	 ﾠto	 ﾠintegration	 ﾠof	 ﾠmultiple	 ﾠcopies	 ﾠof	 ﾠthe	 ﾠcassette	 ﾠand	 ﾠthus	 ﾠ
a	 ﾠbroad	 ﾠspectrum	 ﾠof	 ﾠoutcomes15,	 ﾠ28;	 ﾠby	 ﾠcontrast,	 ﾠ“knock-ﾭ‐in”	 ﾠlines	 ﾠgenerated	 ﾠby	 ﾠ
homologous	 ﾠrecombination	 ﾠcontain	 ﾠone	 ﾠor	 ﾠtwo	 ﾠcopies	 ﾠof	 ﾠthe	 ﾠcassette	 ﾠ(as	 ﾠ
heterozygotes	 ﾠor	 ﾠhomozygotes,	 ﾠrespectively),	 ﾠand	 ﾠthus	 ﾠa	 ﾠsmaller	 ﾠnumber	 ﾠof	 ﾠpossible	 ﾠ
color	 ﾠcombinations17-ﾭ‐20.	 ﾠ	 ﾠ
	 ﾠ
Design	 ﾠof	 ﾠBrainbow	 ﾠ3.1	 ﾠand	 ﾠ3.2	 ﾠtransgenes	 ﾠ
In	 ﾠBrainbow	 ﾠ1,	 ﾠ2	 ﾠand	 ﾠ3.0	 ﾠ(Fig.	 ﾠ1a,b),	 ﾠone	 ﾠXFP	 ﾠis	 ﾠexpressed	 ﾠ“by	 ﾠdefault”	 ﾠin	 ﾠCre-ﾭ‐
negative	 ﾠcells.	 ﾠ	 ﾠThe	 ﾠpresence	 ﾠof	 ﾠa	 ﾠ“default”	 ﾠXFP	 ﾠhas	 ﾠboth	 ﾠdrawbacks	 ﾠand	 ﾠadvantages.	 ﾠ
In	 ﾠcases	 ﾠof	 ﾠlimited	 ﾠCre	 ﾠexpression	 ﾠthis	 ﾠXFP	 ﾠis	 ﾠexpressed	 ﾠin	 ﾠa	 ﾠmajority	 ﾠof	 ﾠcells,	 ﾠ
reducing	 ﾠspectral	 ﾠdiversity	 ﾠamong	 ﾠrecombined	 ﾠneurons.	 ﾠOn	 ﾠthe	 ﾠother	 ﾠhand,	 ﾠ	 ﾠ 6	 ﾠ
incorporation	 ﾠof	 ﾠa	 ﾠ“default”	 ﾠXFP	 ﾠallows	 ﾠone	 ﾠto	 ﾠscreen	 ﾠnumerous	 ﾠlines	 ﾠin	 ﾠthe	 ﾠabsence	 ﾠ
of	 ﾠa	 ﾠCre	 ﾠreporter	 ﾠto	 ﾠassess	 ﾠthe	 ﾠthe	 ﾠnumber	 ﾠand	 ﾠtypes	 ﾠof	 ﾠcells	 ﾠwithin	 ﾠwhich	 ﾠXFPs	 ﾠ
could	 ﾠbe	 ﾠexpressed	 ﾠfollowing	 ﾠrecombination.	 ﾠ
	 ﾠ
To	 ﾠeliminate	 ﾠthe	 ﾠdefault	 ﾠXFP	 ﾠwhile	 ﾠretaining	 ﾠthe	 ﾠability	 ﾠto	 ﾠassess	 ﾠexpression	 ﾠin	 ﾠthe	 ﾠ
absence	 ﾠof	 ﾠCre	 ﾠwe	 ﾠadopted	 ﾠthe	 ﾠfollowing	 ﾠstrategy.	 ﾠ	 ﾠFirst,	 ﾠwe	 ﾠincorporated	 ﾠthree	 ﾠ
rather	 ﾠthan	 ﾠtwo	 ﾠpairs	 ﾠof	 ﾠincompatible	 ﾠlox	 ﾠsites,	 ﾠwhich	 ﾠallowed	 ﾠinsertion	 ﾠof	 ﾠa	 ﾠ“stop	 ﾠ
cassette”29	 ﾠinto	 ﾠa	 ﾠfirst	 ﾠposition.	 ﾠWith	 ﾠthis	 ﾠmodification,	 ﾠthe	 ﾠthree	 ﾠXFPs	 ﾠwere	 ﾠ
expressed	 ﾠonly	 ﾠin	 ﾠCre-ﾭ‐positive	 ﾠneurons	 ﾠgiving	 ﾠmore	 ﾠspectral	 ﾠdiversity.	 ﾠSecond,	 ﾠwe	 ﾠ
inserted	 ﾠa	 ﾠfourth	 ﾠXFP,	 ﾠPhi-ﾭ‐YFP	 ﾠ(from	 ﾠthe	 ﾠhydrozoa,	 ﾠPhialidium)4,	 ﾠwhich	 ﾠis	 ﾠ
antigenically	 ﾠdistinct	 ﾠfrom	 ﾠthe	 ﾠother	 ﾠthree,	 ﾠinto	 ﾠthe	 ﾠstop	 ﾠcassette.	 ﾠWe	 ﾠmutated	 ﾠPhi-ﾭ‐
YFP	 ﾠto	 ﾠeliminate	 ﾠits	 ﾠendogenous	 ﾠfluorescence	 ﾠ(PhiYFP	 ﾠY65A),	 ﾠfused	 ﾠit	 ﾠto	 ﾠa	 ﾠnuclear	 ﾠ
localization	 ﾠsequence	 ﾠand	 ﾠgenerated	 ﾠantibodies	 ﾠto	 ﾠit	 ﾠin	 ﾠrat.	 ﾠIn	 ﾠ“Brainbow	 ﾠ3.1”	 ﾠmice	 ﾠ
generated	 ﾠfrom	 ﾠthis	 ﾠcassette	 ﾠ(Fig.	 ﾠ1c),	 ﾠone	 ﾠcan	 ﾠscreen	 ﾠsections	 ﾠwith	 ﾠrat-ﾭ‐anti-ﾭ‐Phi-ﾭ‐YFP	 ﾠ
prior	 ﾠto	 ﾠCre	 ﾠrecombination	 ﾠ(Supplementary	 ﾠFig.	 ﾠ1).	 ﾠ	 ﾠ	 ﾠ
	 ﾠ
Finally,	 ﾠwe	 ﾠinserted	 ﾠa	 ﾠsequence	 ﾠthat	 ﾠstabilizes	 ﾠmRNAs,	 ﾠcalled	 ﾠa	 ﾠwoodchuck	 ﾠhepatitis	 ﾠ
virus	 ﾠposttranscriptional	 ﾠregulatory	 ﾠelement	 ﾠ(WPRE)	 ﾠto	 ﾠthe	 ﾠ3’	 ﾠuntranslated	 ﾠ
sequences	 ﾠfollowing	 ﾠeach	 ﾠXFP.	 ﾠThe	 ﾠWPRE	 ﾠhas	 ﾠbeen	 ﾠused	 ﾠin	 ﾠmany	 ﾠcases	 ﾠto	 ﾠincrease	 ﾠ
protein	 ﾠlevels	 ﾠproduced	 ﾠby	 ﾠviral	 ﾠvectors	 ﾠand	 ﾠtransgenes30,	 ﾠ31.	 ﾠ	 ﾠWe	 ﾠcall	 ﾠlines	 ﾠ
incorporating	 ﾠthe	 ﾠWPRE	 ﾠ“Brainbow	 ﾠ3.2”	 ﾠ(Fig.	 ﾠ1d).	 ﾠ	 ﾠ
	 ﾠ
Characterization	 ﾠof	 ﾠBrainbow	 ﾠ3	 ﾠmice	 ﾠ	 ﾠ 7	 ﾠ
We	 ﾠgenerated	 ﾠ31	 ﾠlines	 ﾠof	 ﾠtransgenic	 ﾠmice	 ﾠfrom	 ﾠthe	 ﾠBrainbow	 ﾠ3.0,	 ﾠ3.1	 ﾠand	 ﾠ3.2	 ﾠ
cassettes.	 ﾠOffspring	 ﾠwere	 ﾠcrossed	 ﾠto	 ﾠseveral	 ﾠCre	 ﾠtransgenic	 ﾠlines32-ﾭ‐37,	 ﾠleading	 ﾠto	 ﾠ
multicolor	 ﾠspectral	 ﾠlabeling	 ﾠof	 ﾠneuronal	 ﾠpopulations	 ﾠin	 ﾠnumerous	 ﾠregions	 ﾠincluding	 ﾠ
cerebral	 ﾠcortex,	 ﾠbrainstem,	 ﾠcerebellum,	 ﾠspinal	 ﾠcord	 ﾠand	 ﾠretina	 ﾠ(Fig.	 ﾠ1e-ﾭ‐i,	 ﾠ
Supplementary	 ﾠTable	 ﾠ2,	 ﾠSupplementary	 ﾠFig.	 ﾠ2	 ﾠand	 ﾠSupplementary	 ﾠMovies	 ﾠ1	 ﾠ
and	 ﾠ2).	 ﾠIntensity	 ﾠof	 ﾠexpression	 ﾠvaried	 ﾠmarkedly	 ﾠamong	 ﾠlines,	 ﾠmaking	 ﾠquantitative	 ﾠ
comparison	 ﾠof	 ﾠdubious	 ﾠvalue	 ﾠbut	 ﾠthe	 ﾠstrongest	 ﾠexpressing	 ﾠlines	 ﾠwere	 ﾠthose	 ﾠthat	 ﾠ
incorporated	 ﾠthe	 ﾠWPRE	 ﾠ(Brainbow	 ﾠ3.2).	 ﾠ	 ﾠ
	 ﾠ
Analysis	 ﾠof	 ﾠthese	 ﾠlines	 ﾠconfirmed	 ﾠtheir	 ﾠadvantages	 ﾠover	 ﾠBrainbow	 ﾠ1	 ﾠand	 ﾠ2	 ﾠlines15.	 ﾠ	 ﾠ
First,	 ﾠthe	 ﾠuse	 ﾠof	 ﾠfarnesylated	 ﾠXFPs	 ﾠled	 ﾠto	 ﾠconcentration	 ﾠof	 ﾠthe	 ﾠXFPs	 ﾠat	 ﾠthe	 ﾠplasma	 ﾠ
membrane	 ﾠ(Fig.	 ﾠ1g).	 ﾠ	 ﾠAs	 ﾠa	 ﾠconsequence,	 ﾠsomata	 ﾠwere	 ﾠless	 ﾠintensely	 ﾠlabeled	 ﾠin	 ﾠ
Brainbow	 ﾠ3	 ﾠthan	 ﾠin	 ﾠBrainbow	 ﾠ1	 ﾠmice,	 ﾠso	 ﾠprocesses	 ﾠcould	 ﾠbe	 ﾠvisualized	 ﾠwithout	 ﾠ
saturating	 ﾠsomata	 ﾠ(Fig.	 ﾠ2a,b	 ﾠand	 ﾠSupplementary	 ﾠFig.	 ﾠ3).	 ﾠUse	 ﾠof	 ﾠfarnesylated	 ﾠXFPs	 ﾠ
also	 ﾠimproved	 ﾠlabeling	 ﾠof	 ﾠfine	 ﾠprocesses	 ﾠand	 ﾠdendritic	 ﾠspines	 ﾠ(Fig.	 ﾠ2a,b	 ﾠinsets).	 ﾠ	 ﾠ
Second,	 ﾠthe	 ﾠability	 ﾠto	 ﾠimmunostain	 ﾠall	 ﾠthree	 ﾠXFPs	 ﾠenabled	 ﾠenhancement	 ﾠof	 ﾠthe	 ﾠ
intrinsic	 ﾠfluorescence	 ﾠwithout	 ﾠlosing	 ﾠcolor	 ﾠdiversity	 ﾠ(Fig.	 ﾠ2c,d	 ﾠand	 ﾠSupplementary	 ﾠ
Fig.	 ﾠ4).	 ﾠ	 ﾠThird,	 ﾠXFP	 ﾠfluorescence	 ﾠis	 ﾠonly	 ﾠvisible	 ﾠin	 ﾠCre-ﾭ‐positive	 ﾠcells,	 ﾠcorrecting	 ﾠthe	 ﾠ
color	 ﾠimbalance	 ﾠcaused	 ﾠby	 ﾠ“default”	 ﾠXFP	 ﾠexpression	 ﾠin	 ﾠcells	 ﾠthat	 ﾠwere	 ﾠCre-ﾭ‐negative	 ﾠ
or	 ﾠexpressed	 ﾠCre	 ﾠat	 ﾠlow	 ﾠlevels	 ﾠin	 ﾠBrainbow	 ﾠ1	 ﾠand	 ﾠ2	 ﾠlines	 ﾠ(Fig.	 ﾠ2e-ﾭ‐i	 ﾠand	 ﾠ
Supplementary	 ﾠFig.	 ﾠ5).	 ﾠThus,	 ﾠBrainbow	 ﾠ3	 ﾠlines	 ﾠare	 ﾠlikely	 ﾠto	 ﾠbe	 ﾠmore	 ﾠuseful	 ﾠthan	 ﾠ
Brainbow	 ﾠ1	 ﾠand	 ﾠ2	 ﾠlines	 ﾠfor	 ﾠmulticolor	 ﾠlabeling.	 ﾠ
	 ﾠ	 ﾠ 8	 ﾠ
Brainbow	 ﾠwith	 ﾠself-ﾭ‐excising	 ﾠcre	 ﾠrecombinase	 ﾠ
In	 ﾠBrainbow	 ﾠ1-ﾭ‐3	 ﾠlines,	 ﾠthe	 ﾠcassette	 ﾠencodes	 ﾠXFPs	 ﾠseparated	 ﾠby	 ﾠlox	 ﾠsites;	 ﾠCre	 ﾠ
recombinase	 ﾠis	 ﾠsupplied	 ﾠfrom	 ﾠa	 ﾠseparate	 ﾠtransgene.	 ﾠFor	 ﾠanalysis	 ﾠof	 ﾠconnectivity	 ﾠin	 ﾠ
mouse	 ﾠmutants,	 ﾠbreeding	 ﾠtwo	 ﾠtransgenes	 ﾠ(Brainbow	 ﾠand	 ﾠCre)	 ﾠinto	 ﾠan	 ﾠalready	 ﾠ
complex	 ﾠbackground	 ﾠis	 ﾠcumbersome.	 ﾠWe	 ﾠtherefore	 ﾠattempted	 ﾠto	 ﾠcombine	 ﾠXFPs	 ﾠand	 ﾠ
Cre	 ﾠin	 ﾠa	 ﾠsingle	 ﾠcassette.	 ﾠ	 ﾠIn	 ﾠthis	 ﾠtransgene,	 ﾠcalled	 ﾠAutobow,	 ﾠwe	 ﾠsubstituted	 ﾠa	 ﾠself-ﾭ‐
excising	 ﾠCre	 ﾠrecombinase38	 ﾠfor	 ﾠthe	 ﾠ“STOP”	 ﾠsequences	 ﾠin	 ﾠBrainbow	 ﾠ3.1	 ﾠ(Fig.	 ﾠ3a).	 ﾠ	 ﾠThe	 ﾠ
Thy1	 ﾠregulatory	 ﾠelements	 ﾠlead	 ﾠto	 ﾠexpression	 ﾠof	 ﾠCre	 ﾠin	 ﾠdifferentiated	 ﾠneurons;	 ﾠCre	 ﾠ
then	 ﾠsimultaneously	 ﾠactivates	 ﾠan	 ﾠXFP	 ﾠand	 ﾠexcises	 ﾠitself.	 ﾠ	 ﾠ
	 ﾠ
We	 ﾠgenerated	 ﾠthree	 ﾠfounders	 ﾠusing	 ﾠthis	 ﾠconstruct.	 ﾠTwo	 ﾠwere	 ﾠsacrificed	 ﾠas	 ﾠadults,	 ﾠ
and	 ﾠboth	 ﾠexpressed	 ﾠcombinatorial	 ﾠexpression	 ﾠof	 ﾠXFPs	 ﾠin	 ﾠmultiple	 ﾠneurons	 ﾠ(Fig.	 ﾠ3b	 ﾠ
and	 ﾠSupplementary	 ﾠFig.	 ﾠ3e).	 ﾠWe	 ﾠwere	 ﾠconcerned	 ﾠthat	 ﾠprecocious	 ﾠCre	 ﾠactivation	 ﾠin	 ﾠ
the	 ﾠgerm	 ﾠline	 ﾠmight	 ﾠlead	 ﾠto	 ﾠloss	 ﾠof	 ﾠthe	 ﾠcassette.	 ﾠWe	 ﾠtherefore	 ﾠestablished	 ﾠa	 ﾠline	 ﾠfrom	 ﾠ
the	 ﾠthird	 ﾠfounder,	 ﾠand	 ﾠexamined	 ﾠmice	 ﾠin	 ﾠthe	 ﾠsecond	 ﾠand	 ﾠsixth	 ﾠgenerations.	 ﾠColor	 ﾠ
range	 ﾠwas	 ﾠlimited	 ﾠin	 ﾠthis	 ﾠline,	 ﾠperhaps	 ﾠbecause	 ﾠonly	 ﾠa	 ﾠfew	 ﾠcopies	 ﾠhad	 ﾠbeen	 ﾠ
integrated	 ﾠinto	 ﾠthe	 ﾠgenome,	 ﾠbut	 ﾠthe	 ﾠvariety	 ﾠof	 ﾠcolors	 ﾠand	 ﾠlevel	 ﾠof	 ﾠexpression	 ﾠwere	 ﾠ
similar	 ﾠin	 ﾠboth	 ﾠgenerations	 ﾠ(Fig.	 ﾠ3c,d).	 ﾠThus,	 ﾠAutobow	 ﾠtransgenes	 ﾠcan	 ﾠbe	 ﾠstably	 ﾠ
maintained.	 ﾠ
	 ﾠ
Brainbow	 ﾠusing	 ﾠFlp	 ﾠrecombinase	 ﾠand	 ﾠFrt	 ﾠsites	 ﾠ
A	 ﾠsecond	 ﾠrecombination	 ﾠsystem,	 ﾠorthogonal	 ﾠto	 ﾠCre-ﾭ‐Lox,	 ﾠcould	 ﾠbe	 ﾠused	 ﾠto	 ﾠ
independently	 ﾠcontrol	 ﾠexpression	 ﾠof	 ﾠdistinct	 ﾠXFPs	 ﾠin,	 ﾠfor	 ﾠexample,	 ﾠexcitatory	 ﾠand	 ﾠ	 ﾠ 9	 ﾠ
inhibitory	 ﾠneurons.	 ﾠ	 ﾠIn	 ﾠthis	 ﾠway,	 ﾠthe	 ﾠcolor	 ﾠof	 ﾠa	 ﾠneuron	 ﾠcould	 ﾠdenote	 ﾠcell	 ﾠidentity,	 ﾠa	 ﾠ
feature	 ﾠlacking	 ﾠin	 ﾠcurrently	 ﾠavailable	 ﾠBrainbow	 ﾠlines15,	 ﾠ17-ﾭ‐20.	 ﾠWe	 ﾠtherefore	 ﾠtested	 ﾠa	 ﾠ
second	 ﾠrecombination	 ﾠsystem,	 ﾠin	 ﾠwhich	 ﾠFlp	 ﾠrecombinase	 ﾠacts	 ﾠon	 ﾠFrt	 ﾠsites.	 ﾠ	 ﾠThe	 ﾠFlp-ﾭ‐
Frt	 ﾠsystem	 ﾠhas	 ﾠbeen	 ﾠused	 ﾠin	 ﾠconjunction	 ﾠwith	 ﾠCre-ﾭ‐Lox	 ﾠin	 ﾠmice16,	 ﾠand	 ﾠin	 ﾠBrainbow-ﾭ‐
like	 ﾠtransgenes	 ﾠin	 ﾠDrosophila24,	 ﾠ25.	 ﾠ	 ﾠ
	 ﾠ
We	 ﾠtested	 ﾠpreviously	 ﾠdescribed	 ﾠmutant	 ﾠFrt	 ﾠsites39,	 ﾠ40	 ﾠto	 ﾠfind	 ﾠincompatible	 ﾠsets	 ﾠ
(Supplementary	 ﾠFig.	 ﾠ6)	 ﾠand	 ﾠused	 ﾠthese	 ﾠsets	 ﾠto	 ﾠconstruct	 ﾠ“Flpbow”	 ﾠlines	 ﾠ(Fig.	 ﾠ4a,b).	 ﾠ
In	 ﾠone	 ﾠof	 ﾠthe	 ﾠcassettes,	 ﾠwe	 ﾠfused	 ﾠthe	 ﾠXFPs	 ﾠto	 ﾠan	 ﾠepitope	 ﾠtag41,	 ﾠallowing	 ﾠ
discrimination	 ﾠof	 ﾠcells	 ﾠlabeled	 ﾠby	 ﾠCre-ﾭ‐	 ﾠand	 ﾠFlp-ﾭ‐driven	 ﾠcassettes	 ﾠ(Supplementary	 ﾠFig.	 ﾠ
7).	 ﾠWhen	 ﾠmated	 ﾠto	 ﾠFlp-ﾭ‐expressing	 ﾠmice42,43,	 ﾠmulticolor	 ﾠlabeling	 ﾠwas	 ﾠobserved	 ﾠ(Fig.	 ﾠ
4c,d).	 ﾠAlthough	 ﾠthe	 ﾠfew	 ﾠlines	 ﾠtested	 ﾠto	 ﾠdate	 ﾠexhibit	 ﾠnarrow	 ﾠexpression	 ﾠpatterns,	 ﾠ
these	 ﾠresults	 ﾠdemonstrate	 ﾠthat	 ﾠFlp-ﾭ‐	 ﾠand	 ﾠCre-ﾭ‐based	 ﾠBrainbow	 ﾠsystems	 ﾠcan	 ﾠbe	 ﾠused	 ﾠin	 ﾠ
combination.	 ﾠ	 ﾠ	 ﾠ
	 ﾠ
Brainbow	 ﾠadeno-ﾭ‐associated	 ﾠviral	 ﾠvectors	 ﾠ
In	 ﾠparallel	 ﾠto	 ﾠgeneration	 ﾠof	 ﾠBrainbow	 ﾠtransgenic	 ﾠlines,	 ﾠwe	 ﾠgenerated	 ﾠadeno-ﾭ‐
associated	 ﾠviral	 ﾠ(AAV)	 ﾠvectors	 ﾠto	 ﾠprovide	 ﾠspatial	 ﾠand	 ﾠtemporal	 ﾠcontrol	 ﾠover	 ﾠ
expression	 ﾠand	 ﾠto	 ﾠmake	 ﾠthe	 ﾠmethod	 ﾠapplicable	 ﾠto	 ﾠother	 ﾠspecies.	 ﾠBecause	 ﾠthe	 ﾠ
Brainbow	 ﾠ3.1	 ﾠcassette	 ﾠdescribed	 ﾠabove	 ﾠis	 ﾠ>6kB	 ﾠbut	 ﾠthe	 ﾠcapacity	 ﾠof	 ﾠAAV	 ﾠvectors	 ﾠis	 ﾠ
<5kB,	 ﾠwe	 ﾠreengineered	 ﾠthe	 ﾠcassette.	 ﾠ	 ﾠBased	 ﾠon	 ﾠresults	 ﾠfrom	 ﾠinitial	 ﾠtests	 ﾠillustrated	 ﾠin	 ﾠ
Supplementary	 ﾠFig.	 ﾠ8,	 ﾠwe	 ﾠdevised	 ﾠa	 ﾠscheme	 ﾠin	 ﾠwhich	 ﾠlox	 ﾠsites	 ﾠwith	 ﾠleft	 ﾠor	 ﾠright	 ﾠ
element	 ﾠmutations44	 ﾠwere	 ﾠused	 ﾠfor	 ﾠunidirectional	 ﾠCre-ﾭ‐dependent	 ﾠinversion	 ﾠ(Fig.	 ﾠ	 ﾠ 10	 ﾠ
5a,b).	 ﾠ	 ﾠFarnesylated	 ﾠXFPs	 ﾠwere	 ﾠpositioned	 ﾠin	 ﾠreverse	 ﾠorientation	 ﾠto	 ﾠprevent	 ﾠCre-ﾭ‐
independent	 ﾠexpression,	 ﾠand	 ﾠWPRE	 ﾠelements	 ﾠwere	 ﾠadded	 ﾠto	 ﾠincrease	 ﾠexpression.	 ﾠ	 ﾠIn	 ﾠ
this	 ﾠdesign,	 ﾠrecombination	 ﾠcan	 ﾠlead	 ﾠto	 ﾠthree	 ﾠoutcomes	 ﾠfrom	 ﾠtwo	 ﾠXFPs:	 ﾠXFP1,	 ﾠXFP2	 ﾠ
or	 ﾠneither.	 ﾠWe	 ﾠgenerated	 ﾠtwo	 ﾠAAVs	 ﾠwith	 ﾠ2	 ﾠXFPs	 ﾠeach,	 ﾠsuch	 ﾠthat	 ﾠco-ﾭ‐infection	 ﾠwould	 ﾠ
lead	 ﾠto	 ﾠa	 ﾠminimum	 ﾠof	 ﾠ8	 ﾠhues	 ﾠ(3	 ﾠx	 ﾠ3	 ﾠ-ﾭ‐1;	 ﾠFig.	 ﾠ5c).	 ﾠBecause	 ﾠAAV	 ﾠcan	 ﾠinfect	 ﾠcells	 ﾠat	 ﾠhigh	 ﾠ
multiplicity,	 ﾠthe	 ﾠnumber	 ﾠof	 ﾠpossible	 ﾠcolors	 ﾠis	 ﾠ>>8.	 ﾠAn	 ﾠadditional	 ﾠfeature	 ﾠis	 ﾠthat	 ﾠ
excision	 ﾠof	 ﾠthe	 ﾠnon-ﾭ‐expressed	 ﾠXFP	 ﾠin	 ﾠa	 ﾠsecond	 ﾠstep	 ﾠ(#3	 ﾠand	 ﾠ#4	 ﾠin	 ﾠFig.	 ﾠ5a)	 ﾠenhances	 ﾠ
and	 ﾠequalizes	 ﾠexpression	 ﾠof	 ﾠthe	 ﾠremaining	 ﾠXFP	 ﾠ(Fig.	 ﾠ5d,e).	 ﾠ	 ﾠ
	 ﾠ
We	 ﾠinfected	 ﾠcortex,	 ﾠcerebellum	 ﾠand	 ﾠretina	 ﾠof	 ﾠCre	 ﾠtransgenic	 ﾠmice	 ﾠwith	 ﾠthese	 ﾠvectors.	 ﾠ
When	 ﾠexamined	 ﾠ3-ﾭ‐5	 ﾠweeks	 ﾠlater,	 ﾠneurons	 ﾠwere	 ﾠlabeled	 ﾠin	 ﾠmultiple	 ﾠcolors	 ﾠ(Fig.	 ﾠ2f-ﾭ‐j	 ﾠ
and	 ﾠSupplementary	 ﾠMovie	 ﾠ3).	 ﾠ	 ﾠNear	 ﾠinjection	 ﾠsites,	 ﾠhigh	 ﾠlevels	 ﾠof	 ﾠinfectivity	 ﾠled	 ﾠto	 ﾠ
coexpression	 ﾠof	 ﾠall	 ﾠXFPs	 ﾠin	 ﾠsingle	 ﾠcells	 ﾠand	 ﾠ“gray-ﾭ‐white”	 ﾠlabeling.	 ﾠThe	 ﾠvariety	 ﾠof	 ﾠ
colors	 ﾠincreased	 ﾠwith	 ﾠdistance	 ﾠfrom	 ﾠthese	 ﾠsites,	 ﾠthen	 ﾠdecreased	 ﾠagain	 ﾠin	 ﾠsparsely	 ﾠ
injected	 ﾠregions,	 ﾠpresumably	 ﾠbecause	 ﾠeach	 ﾠlabeled	 ﾠneuron	 ﾠreceived	 ﾠonly	 ﾠone	 ﾠvirion	 ﾠ
(Supplementary	 ﾠFig.	 ﾠ9).	 ﾠ	 ﾠ
	 ﾠ
Methods	 ﾠto	 ﾠoptimize	 ﾠBrainbow	 ﾠimaging	 ﾠ
Obtaining	 ﾠhigh	 ﾠquality	 ﾠimages	 ﾠfrom	 ﾠof	 ﾠtissues	 ﾠexpressing	 ﾠBrainbow	 ﾠtransgenes	 ﾠis	 ﾠ
challenging.	 ﾠBecause	 ﾠcolors	 ﾠare	 ﾠderived	 ﾠby	 ﾠmixing	 ﾠimages	 ﾠof	 ﾠmultiple	 ﾠfluorophores	 ﾠ
over	 ﾠa	 ﾠwide	 ﾠrange	 ﾠof	 ﾠconcentrations,	 ﾠfactors	 ﾠthat	 ﾠdifferentially	 ﾠaffect	 ﾠthe	 ﾠlabels	 ﾠ
degrade	 ﾠthe	 ﾠfinal	 ﾠimage.	 ﾠIn	 ﾠaddition,	 ﾠit	 ﾠis	 ﾠusually	 ﾠnecessary	 ﾠto	 ﾠimage	 ﾠa	 ﾠtissue	 ﾠvolume	 ﾠ	 ﾠ 11	 ﾠ
rather	 ﾠthan	 ﾠa	 ﾠsingle	 ﾠsection,	 ﾠso	 ﾠmethods	 ﾠfor	 ﾠtaking	 ﾠimage	 ﾠstacks	 ﾠmust	 ﾠbe	 ﾠoptimized.	 ﾠ
Here,	 ﾠwe	 ﾠsummarize	 ﾠguidelines	 ﾠfor	 ﾠimaging	 ﾠBrainbow	 ﾠtissue:	 ﾠ
	 ﾠ
Sample	 ﾠpreparation.	 ﾠTo	 ﾠminimize	 ﾠbackground,	 ﾠsection	 ﾠthickness	 ﾠshould	 ﾠbe	 ﾠless	 ﾠthan	 ﾠ
the	 ﾠworking	 ﾠdistance	 ﾠof	 ﾠthe	 ﾠobjective,	 ﾠgenerally	 ﾠ<100μm	 ﾠfor	 ﾠhigh	 ﾠnumerical	 ﾠaperture	 ﾠ
[NA]	 ﾠlenses.	 ﾠIt	 ﾠis	 ﾠalso	 ﾠimportant	 ﾠto	 ﾠmatch	 ﾠthe	 ﾠrefractive	 ﾠindices	 ﾠof	 ﾠthe	 ﾠimmersion	 ﾠ
medium	 ﾠand	 ﾠthe	 ﾠsample,	 ﾠbecause	 ﾠchromatic	 ﾠaberrations	 ﾠcaused	 ﾠby	 ﾠmismatches	 ﾠ
between	 ﾠthese	 ﾠvalues	 ﾠlead	 ﾠto	 ﾠspatial	 ﾠoffsets	 ﾠbetween	 ﾠcolor	 ﾠchannels	 ﾠ
(Supplementary	 ﾠFig.	 ﾠ10).Commercial	 ﾠantifade	 ﾠmountants	 ﾠsuch	 ﾠas	 ﾠVECTASHIELD®,	 ﾠ
or	 ﾠProLong®	 ﾠGold	 ﾠthat	 ﾠhave	 ﾠrefractive	 ﾠindices	 ﾠof	 ﾠ~1.47	 ﾠare	 ﾠoptimal	 ﾠfor	 ﾠobjectives	 ﾠ
that	 ﾠuse	 ﾠglycerin	 ﾠas	 ﾠthe	 ﾠimmersion	 ﾠmedium.	 ﾠPolyvinyl	 ﾠalchohol	 ﾠmountants	 ﾠ(such	 ﾠas	 ﾠ
Mowiol®	 ﾠ4-ﾭ‐88)	 ﾠprovide	 ﾠa	 ﾠbetter	 ﾠmatch	 ﾠfor	 ﾠoil	 ﾠimmersion	 ﾠ(~1.52)	 ﾠobjectives.	 ﾠ	 ﾠ	 ﾠ	 ﾠ
	 ﾠ
	 ﾠConfocal	 ﾠlaser	 ﾠscanning	 ﾠmicroscopy.	 ﾠEpifluoresence	 ﾠmicroscopy	 ﾠcan	 ﾠbe	 ﾠused	 ﾠfor	 ﾠ
imaging	 ﾠthin	 ﾠsections	 ﾠ(<10μm)	 ﾠor	 ﾠmonolayer	 ﾠcultures	 ﾠbut	 ﾠconfocal	 ﾠmicroscopes	 ﾠare	 ﾠ
preferable	 ﾠfor	 ﾠthick	 ﾠspecimens	 ﾠbecause	 ﾠthey	 ﾠavoid	 ﾠcontamination	 ﾠby	 ﾠlight	 ﾠfrom	 ﾠ
outside	 ﾠthe	 ﾠplane	 ﾠof	 ﾠfocus.	 ﾠNewly	 ﾠdeveloped	 ﾠ2	 ﾠphoton	 ﾠmulti-ﾭ‐XFP	 ﾠimaging	 ﾠtechniques	 ﾠ
are	 ﾠalso	 ﾠuseful45-ﾭ‐47.	 ﾠApochromatic	 ﾠor	 ﾠfluorite	 ﾠmicroscope	 ﾠobjectives	 ﾠthat	 ﾠare	 ﾠ
corrected	 ﾠfor	 ﾠthree	 ﾠor	 ﾠmore	 ﾠcolors	 ﾠare	 ﾠstrongly	 ﾠrecommended.Most	 ﾠlens	 ﾠ
manufacturers	 ﾠspecify	 ﾠpreferred	 ﾠoils	 ﾠand	 ﾠcoverslips.	 ﾠUsing	 ﾠthe	 ﾠwrong	 ﾠoil	 ﾠor	 ﾠcoverslip	 ﾠ
degrades	 ﾠsharpness	 ﾠof	 ﾠfocus	 ﾠand	 ﾠincreases	 ﾠchromatic	 ﾠaberration.	 ﾠ
	 ﾠ	 ﾠ 12	 ﾠ
Fluorophores	 ﾠwith	 ﾠoverlap	 ﾠin	 ﾠthe	 ﾠexcitation	 ﾠor	 ﾠemission	 ﾠspectra	 ﾠshould	 ﾠbe	 ﾠimaged	 ﾠ
sequentially	 ﾠrather	 ﾠthan	 ﾠsimultaneously	 ﾠto	 ﾠminimize	 ﾠfluorescence	 ﾠcrosstalk	 ﾠand	 ﾠ
thereby	 ﾠoptimize	 ﾠcolor	 ﾠseparation.	 ﾠ	 ﾠLaser	 ﾠpower	 ﾠshould	 ﾠbe	 ﾠset	 ﾠas	 ﾠlow	 ﾠas	 ﾠpossible	 ﾠfor	 ﾠ
several	 ﾠreasons.	 ﾠFirst,	 ﾠall	 ﾠplanes	 ﾠare	 ﾠbleached	 ﾠas	 ﾠeach	 ﾠimage	 ﾠplane	 ﾠis	 ﾠscanned	 ﾠso	 ﾠ
generation	 ﾠof	 ﾠstacks	 ﾠleads	 ﾠto	 ﾠgradual	 ﾠbleaching	 ﾠand	 ﾠdecreased	 ﾠsignal	 ﾠthrough	 ﾠthe	 ﾠ
stack.	 ﾠSecond,	 ﾠbecause	 ﾠeach	 ﾠfluorophore	 ﾠbleaches	 ﾠat	 ﾠa	 ﾠdifferent	 ﾠrate,	 ﾠcolors	 ﾠmay	 ﾠshift	 ﾠ
during	 ﾠimaging.	 ﾠThird,	 ﾠlinear	 ﾠsignaling	 ﾠrequires	 ﾠthat	 ﾠfluorophores	 ﾠemit	 ﾠphotons	 ﾠat	 ﾠ
submaximal	 ﾠrates;	 ﾠat	 ﾠhigher	 ﾠexcitation	 ﾠintensities	 ﾠonly	 ﾠthe	 ﾠout	 ﾠof	 ﾠfocus	 ﾠsignal	 ﾠis	 ﾠ
increased48.	 ﾠFourth,	 ﾠif	 ﾠone	 ﾠfluorophore	 ﾠspecies	 ﾠis	 ﾠsaturated	 ﾠbut	 ﾠanother	 ﾠis	 ﾠnot,	 ﾠsmall	 ﾠ
changes	 ﾠin	 ﾠlaser	 ﾠpower	 ﾠwill	 ﾠaffect	 ﾠtheir	 ﾠintensity	 ﾠdifferently,	 ﾠleading	 ﾠto	 ﾠcolor	 ﾠchange.	 ﾠ
With	 ﾠhigh	 ﾠNA	 ﾠobjectives,	 ﾠlaser	 ﾠpower	 ﾠof	 ﾠjust	 ﾠa	 ﾠfew	 ﾠmilliwatts	 ﾠis	 ﾠsaturating;	 ﾠthis	 ﾠis	 ﾠ
generally	 ﾠa	 ﾠsmall	 ﾠpercentage	 ﾠof	 ﾠthe	 ﾠtotal	 ﾠpower	 ﾠthe	 ﾠlaser	 ﾠcan	 ﾠprovide.	 ﾠ	 ﾠ
	 ﾠ
Having	 ﾠadjusted	 ﾠthe	 ﾠlaser	 ﾠpower	 ﾠto	 ﾠa	 ﾠlow	 ﾠlevel,	 ﾠthe	 ﾠphotmuliplier	 ﾠtubes	 ﾠ(PMT)	 ﾠ
voltages	 ﾠand	 ﾠdigital	 ﾠgains	 ﾠmust	 ﾠbe	 ﾠset	 ﾠto	 ﾠrelatively	 ﾠhigh	 ﾠvalues.	 ﾠIn	 ﾠsome	 ﾠconfocal	 ﾠ
microscopes	 ﾠit	 ﾠis	 ﾠpossible	 ﾠto	 ﾠcompensate	 ﾠfor	 ﾠsignal	 ﾠloss	 ﾠfrom	 ﾠdeep	 ﾠlayers	 ﾠby	 ﾠ
automatic	 ﾠadjustment	 ﾠof	 ﾠlaser	 ﾠpower,	 ﾠPMT	 ﾠvoltage	 ﾠor	 ﾠdigital	 ﾠgain	 ﾠas	 ﾠa	 ﾠfunction	 ﾠof	 ﾠ
depth.	 ﾠImaging	 ﾠparameters	 ﾠcan	 ﾠbe	 ﾠadjusted	 ﾠto	 ﾠobtain	 ﾠimages	 ﾠwith	 ﾠsimilar	 ﾠsignal	 ﾠ
ranges	 ﾠthroughout	 ﾠthe	 ﾠstack.	 ﾠ	 ﾠ
	 ﾠ	 ﾠ
Image	 ﾠprocessing.	 ﾠBrainbow	 ﾠimages	 ﾠmust	 ﾠbe	 ﾠpost-ﾭ‐processed	 ﾠto	 ﾠmaximize	 ﾠcolor	 ﾠ
information,	 ﾠbut	 ﾠcare	 ﾠis	 ﾠneeded	 ﾠto	 ﾠavoid	 ﾠintroducing	 ﾠartifacts.	 ﾠOften,	 ﾠone	 ﾠbegins	 ﾠby	 ﾠ
reducing	 ﾠnoise.	 ﾠBecause	 ﾠconfocal	 ﾠlaser	 ﾠscanning	 ﾠof	 ﾠmulticolor	 ﾠstacks	 ﾠis	 ﾠgenerally	 ﾠ	 ﾠ 13	 ﾠ
done	 ﾠat	 ﾠspeeds	 ﾠof	 ﾠ~1	 ﾠµs	 ﾠper	 ﾠpixel	 ﾠor	 ﾠless	 ﾠto	 ﾠsave	 ﾠtime,	 ﾠthe	 ﾠsmall	 ﾠnumber	 ﾠof	 ﾠphotons	 ﾠ
collected	 ﾠfor	 ﾠeach	 ﾠpixel	 ﾠgives	 ﾠrise	 ﾠto	 ﾠsufficient	 ﾠshot	 ﾠnoise	 ﾠto	 ﾠcause	 ﾠperceptible	 ﾠlocal	 ﾠ
color	 ﾠdifferences.	 ﾠThis	 ﾠproblem	 ﾠcan	 ﾠbe	 ﾠminimized	 ﾠby	 ﾠslower	 ﾠscanning	 ﾠor	 ﾠaveraging	 ﾠ
of	 ﾠmultiple	 ﾠscans,	 ﾠbut	 ﾠwhen	 ﾠthis	 ﾠis	 ﾠinfeasible,	 ﾠsimple	 ﾠfiltering	 ﾠand	 ﾠdeconvolution	 ﾠ
methods	 ﾠare	 ﾠhelpful	 ﾠ(Fig.	 ﾠ6a-ﾭ‐c).	 ﾠFor	 ﾠexample,	 ﾠmedian	 ﾠor	 ﾠGaussian	 ﾠfilters	 ﾠwith	 ﾠ0.5-ﾭ‐2	 ﾠ
pixel	 ﾠradius	 ﾠreduces	 ﾠcolor	 ﾠnoise,	 ﾠbut	 ﾠat	 ﾠthe	 ﾠexpense	 ﾠof	 ﾠresolution.	 ﾠDeconvolution	 ﾠ
algorithms	 ﾠ(see	 ﾠOnline	 ﾠMethods)	 ﾠare	 ﾠmore	 ﾠchallenging	 ﾠto	 ﾠuse	 ﾠthan	 ﾠsimple	 ﾠfilters	 ﾠbut	 ﾠ
can	 ﾠremove	 ﾠcolor	 ﾠnoise	 ﾠwithout	 ﾠcompromising	 ﾠspatial	 ﾠresolution	 ﾠ(Supplementary	 ﾠ
Fig.	 ﾠ11).	 ﾠ	 ﾠ
	 ﾠ
Subsequent	 ﾠprocessing	 ﾠsteps	 ﾠcan	 ﾠexpand	 ﾠthe	 ﾠdetectable	 ﾠcolor	 ﾠrange	 ﾠand	 ﾠcorrect	 ﾠfor	 ﾠ
color	 ﾠshifts	 ﾠ(Fig.	 ﾠ6	 ﾠd,e).	 ﾠTo	 ﾠobtain	 ﾠeasily	 ﾠperceived	 ﾠcolor	 ﾠdifferences,	 ﾠpixel	 ﾠintensity	 ﾠ
values	 ﾠfor	 ﾠeach	 ﾠchannel	 ﾠin	 ﾠeach	 ﾠimage	 ﾠare	 ﾠnormalized	 ﾠto	 ﾠthe	 ﾠsame	 ﾠminimum	 ﾠand	 ﾠ
maximum	 ﾠintensity	 ﾠvalues	 ﾠfor	 ﾠthat	 ﾠcolor	 ﾠin	 ﾠthe	 ﾠwhole	 ﾠimage	 ﾠstack.	 ﾠThis	 ﾠlinearly	 ﾠ
stretches	 ﾠall	 ﾠchannels	 ﾠand	 ﾠimages	 ﾠto	 ﾠthe	 ﾠfull	 ﾠdynamic	 ﾠrange.	 ﾠColor	 ﾠshifts	 ﾠalso	 ﾠarise	 ﾠ
because	 ﾠillumination	 ﾠstrength	 ﾠis	 ﾠgenerally	 ﾠuneven	 ﾠacross	 ﾠthe	 ﾠimaging	 ﾠfield	 ﾠand	 ﾠ
differs	 ﾠamong	 ﾠlasers.	 ﾠThis	 ﾠeffect	 ﾠcan	 ﾠbe	 ﾠattenuated	 ﾠby	 ﾠintensity	 ﾠor	 ﾠshading	 ﾠcorrection	 ﾠ
for	 ﾠeach	 ﾠchannel46,	 ﾠ49.	 ﾠ	 ﾠThe	 ﾠresulting	 ﾠcomposite	 ﾠRGB	 ﾠimages	 ﾠprovide	 ﾠmaximum	 ﾠcolor	 ﾠ
separation	 ﾠfor	 ﾠviewing	 ﾠby	 ﾠeye	 ﾠ(Fig.	 ﾠ6f).	 ﾠ
	 ﾠ
DISCUSSION	 ﾠ	 ﾠ
The	 ﾠgoal	 ﾠof	 ﾠthe	 ﾠwork	 ﾠreported	 ﾠhere	 ﾠwas	 ﾠto	 ﾠdesign,	 ﾠgenerate	 ﾠand	 ﾠcharacterize	 ﾠ
improved	 ﾠreagents	 ﾠfor	 ﾠmulticolor	 ﾠ“Brainbow”	 ﾠimaging	 ﾠof	 ﾠneurons	 ﾠin	 ﾠmice.	 ﾠ	 ﾠ	 ﾠFirst,	 ﾠwe	 ﾠ	 ﾠ 14	 ﾠ
generated	 ﾠnew	 ﾠtransgenic	 ﾠlines	 ﾠthat	 ﾠovercome	 ﾠsome	 ﾠlimitations	 ﾠof	 ﾠthe	 ﾠBrainbow	 ﾠ1	 ﾠ
and	 ﾠ2	 ﾠlines	 ﾠthat	 ﾠare	 ﾠcurrently	 ﾠavailable15.	 ﾠ	 ﾠ	 ﾠImprovements	 ﾠwere	 ﾠsubstitution	 ﾠof	 ﾠXFPs	 ﾠ
(especially	 ﾠred	 ﾠand	 ﾠorange	 ﾠfluorescent	 ﾠproteins)	 ﾠthat	 ﾠare	 ﾠmore	 ﾠphotostable	 ﾠand	 ﾠless	 ﾠ
prone	 ﾠto	 ﾠaggregation	 ﾠthan	 ﾠthose	 ﾠused	 ﾠinitially;	 ﾠuse	 ﾠof	 ﾠXFPs	 ﾠwith	 ﾠminimal	 ﾠsequence	 ﾠ
homology	 ﾠso	 ﾠthey	 ﾠcould	 ﾠbe	 ﾠimmunostained	 ﾠseparately;	 ﾠfarnesylation	 ﾠof	 ﾠthe	 ﾠXFPs	 ﾠfor	 ﾠ
even	 ﾠstaining	 ﾠof	 ﾠsomata	 ﾠand	 ﾠthe	 ﾠfinest	 ﾠprocesses;	 ﾠinsertion	 ﾠof	 ﾠa	 ﾠ“stop”	 ﾠcassette	 ﾠto	 ﾠ
increase	 ﾠcolor	 ﾠvariety	 ﾠby	 ﾠeliminating	 ﾠbroad	 ﾠexpression	 ﾠof	 ﾠa	 ﾠ“default”	 ﾠXFP;	 ﾠinclusion	 ﾠ
of	 ﾠa	 ﾠnon-ﾭ‐fluorescent	 ﾠmarker	 ﾠin	 ﾠthe	 ﾠdefault	 ﾠposition	 ﾠto	 ﾠfacilitate	 ﾠscreening	 ﾠof	 ﾠmultiple	 ﾠ
lines;	 ﾠand	 ﾠinsertion	 ﾠof	 ﾠa	 ﾠWPRE	 ﾠto	 ﾠboost	 ﾠexpression	 ﾠ(Figs.	 ﾠ1	 ﾠand	 ﾠ2).	 ﾠ	 ﾠThese	 ﾠlines	 ﾠunder	 ﾠ
control	 ﾠof	 ﾠregulatory	 ﾠelements	 ﾠfrom	 ﾠthe	 ﾠThy-ﾭ‐1	 ﾠgene	 ﾠenables	 ﾠmarking	 ﾠof	 ﾠmany	 ﾠbut	 ﾠ
not	 ﾠall	 ﾠneuronal	 ﾠtypes.	 ﾠ	 ﾠTo	 ﾠdate,	 ﾠelements	 ﾠtested	 ﾠother	 ﾠthan	 ﾠthose	 ﾠfrom	 ﾠthe	 ﾠThy1	 ﾠ
gene	 ﾠdo	 ﾠnot	 ﾠsupport	 ﾠthe	 ﾠhigh	 ﾠexpression	 ﾠlevels	 ﾠneeded	 ﾠto	 ﾠimage	 ﾠBrainbow	 ﾠ1	 ﾠand	 ﾠ2	 ﾠ
material.	 ﾠThe	 ﾠability	 ﾠto	 ﾠimmunostain	 ﾠprovided	 ﾠby	 ﾠBrainbow	 ﾠ3	 ﾠcassettes	 ﾠmay	 ﾠallow	 ﾠ
weaker	 ﾠpromoters	 ﾠto	 ﾠbe	 ﾠused.	 ﾠ	 ﾠ
	 ﾠ
Second,	 ﾠwe	 ﾠdesigned	 ﾠtwo	 ﾠadditional	 ﾠtransgenes	 ﾠand	 ﾠperformed	 ﾠinitial	 ﾠtests	 ﾠto	 ﾠ
demonstrate	 ﾠthat	 ﾠthey	 ﾠcan	 ﾠbe	 ﾠused	 ﾠeffectively	 ﾠin	 ﾠvivo.	 ﾠOne,	 ﾠcalled	 ﾠAutobow,	 ﾠ
incorporates	 ﾠa	 ﾠself-ﾭ‐excising	 ﾠCre	 ﾠrecombinase.	 ﾠAutobow	 ﾠlacks	 ﾠthe	 ﾠtemporal	 ﾠand	 ﾠ
spatial	 ﾠcontrol	 ﾠafforded	 ﾠby	 ﾠuse	 ﾠof	 ﾠspecific	 ﾠCre	 ﾠlines	 ﾠor	 ﾠligand-ﾭ‐activated	 ﾠCre	 ﾠ(CreER).	 ﾠ
However,	 ﾠbecause	 ﾠit	 ﾠdoes	 ﾠnot	 ﾠrequire	 ﾠgeneration	 ﾠof	 ﾠdouble	 ﾠtransgenics,	 ﾠit	 ﾠmay	 ﾠbe	 ﾠ
useful	 ﾠfor	 ﾠrapid	 ﾠscreening	 ﾠof	 ﾠneuronal	 ﾠmorphology	 ﾠin	 ﾠmutant	 ﾠmice	 ﾠor	 ﾠmice	 ﾠ
submitted	 ﾠto	 ﾠvarious	 ﾠexperimental	 ﾠinterventions	 ﾠ(e.g.,	 ﾠdrug	 ﾠtreatments).	 ﾠ	 ﾠThe	 ﾠother	 ﾠ
novel	 ﾠtransgene,	 ﾠFlpbow,	 ﾠreplaces	 ﾠLox	 ﾠsites	 ﾠby	 ﾠFrt	 ﾠsites,	 ﾠso	 ﾠthat	 ﾠrecombination	 ﾠcan	 ﾠ	 ﾠ 15	 ﾠ
be	 ﾠcontrolled	 ﾠby	 ﾠFlp	 ﾠrecombinase	 ﾠrather	 ﾠthan	 ﾠCre	 ﾠrecombinase.	 ﾠ	 ﾠFlpbow	 ﾠ3	 ﾠalso	 ﾠ
incorporates	 ﾠan	 ﾠepitope	 ﾠtag	 ﾠso	 ﾠthat	 ﾠXFPs	 ﾠin	 ﾠFlpbow	 ﾠcan	 ﾠbe	 ﾠdistinguished	 ﾠ
immunohistochemically	 ﾠfrom	 ﾠXFPs	 ﾠin	 ﾠBrainbow.	 ﾠBy	 ﾠusing	 ﾠCre	 ﾠand	 ﾠFlp	 ﾠtransgenic	 ﾠ
lines	 ﾠwith	 ﾠdistinct,	 ﾠdefined	 ﾠspecifities,	 ﾠit	 ﾠshould	 ﾠbe	 ﾠpossible	 ﾠto	 ﾠmap	 ﾠseparate	 ﾠsets	 ﾠof	 ﾠ
neurons	 ﾠin	 ﾠa	 ﾠsingle	 ﾠanimal.	 ﾠ	 ﾠ	 ﾠ
	 ﾠ
Finally,	 ﾠwe	 ﾠgenerated	 ﾠBrainbow	 ﾠAAV	 ﾠvectors.	 ﾠThese,	 ﾠalong	 ﾠwith	 ﾠrecently	 ﾠdescribed	 ﾠ
Brainbow	 ﾠherpes	 ﾠviral	 ﾠvectors50	 ﾠmay	 ﾠbe	 ﾠmore	 ﾠuseful	 ﾠthan	 ﾠBrainbow	 ﾠtransgenic	 ﾠmice	 ﾠ
in	 ﾠsome	 ﾠsituations.	 ﾠ	 ﾠLike	 ﾠAutobow,	 ﾠthey	 ﾠavoid	 ﾠthe	 ﾠneed	 ﾠfor	 ﾠdouble	 ﾠtransgenic	 ﾠ
animals.	 ﾠ	 ﾠBecause	 ﾠtime	 ﾠof	 ﾠinfection	 ﾠcan	 ﾠbe	 ﾠvaried,	 ﾠthey	 ﾠprovide	 ﾠan	 ﾠalternative	 ﾠto	 ﾠuse	 ﾠ
of	 ﾠCreER	 ﾠfor	 ﾠtemporal	 ﾠcontrol.	 ﾠ	 ﾠMoreover,	 ﾠlocalized	 ﾠdelivery	 ﾠof	 ﾠAAV	 ﾠenables	 ﾠtracing	 ﾠ
of	 ﾠconnections	 ﾠfrom	 ﾠknown	 ﾠsites	 ﾠto	 ﾠmultiple	 ﾠtargets	 ﾠand	 ﾠdiscrimination	 ﾠof	 ﾠlong-ﾭ‐
distance	 ﾠinputs	 ﾠfrom	 ﾠlocal	 ﾠconnections.	 ﾠ	 ﾠ	 ﾠ
	 ﾠ
The	 ﾠthree	 ﾠmost	 ﾠbroadly	 ﾠuseful	 ﾠBrainbow	 ﾠ3	 ﾠlines	 ﾠ(Brainbow	 ﾠ3.0	 ﾠline	 ﾠD,	 ﾠBrainbow	 ﾠ3.1	 ﾠ
line	 ﾠ3,	 ﾠBrainbow	 ﾠ3.1	 ﾠline	 ﾠ18	 ﾠand	 ﾠBrainbow	 ﾠ3.2	 ﾠline	 ﾠ7)	 ﾠhave	 ﾠbeen	 ﾠprovided	 ﾠto	 ﾠJackson	 ﾠ
Laboratories	 ﾠ(www.jax.org)	 ﾠfor	 ﾠdistribution.	 ﾠTheir	 ﾠstock	 ﾠnumbers	 ﾠare	 ﾠxxx,	 ﾠxxx	 ﾠand	 ﾠ
xxx.	 ﾠThe	 ﾠtwo	 ﾠAAVs	 ﾠshown	 ﾠin	 ﾠFig.	 ﾠ5	 ﾠcan	 ﾠbe	 ﾠobtained	 ﾠfrom	 ﾠthe	 ﾠUniversity	 ﾠof	 ﾠ
Pennsylvania	 ﾠVector	 ﾠCore	 ﾠ(www.med.upenn.edu/gtp/vectorcore/).	 ﾠPlasmids	 ﾠused	 ﾠ
to	 ﾠgenerate	 ﾠBrainbow	 ﾠ3.0,	 ﾠ3.1,	 ﾠand	 ﾠ3.2,	 ﾠAutobow,	 ﾠand	 ﾠFlpbow	 ﾠ1.1	 ﾠand	 ﾠ3.1	 ﾠmice,	 ﾠas	 ﾠ
well	 ﾠas	 ﾠbacterial	 ﾠexpression	 ﾠvectors	 ﾠused	 ﾠto	 ﾠproduce	 ﾠimmunogens,	 ﾠare	 ﾠavailable	 ﾠ
through	 ﾠAddgene,	 ﾠ(www.addgene.org).	 ﾠ	 ﾠ
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cDNA	 ﾠencoding	 ﾠthe	 ﾠfollowing	 ﾠfluorescent	 ﾠproteins	 ﾠwere	 ﾠused:	 ﾠEGFP1,	 ﾠEYFP2,	 ﾠECFP2,	 ﾠ
mCerulean3,	 ﾠPhiYFP4	 ﾠ(Evrogen),	 ﾠmTFP5(Allele	 ﾠBiotechnology),	 ﾠTagBFP6	 ﾠ	 ﾠ(Evrogen),	 ﾠ
EBFP27	 ﾠ(Addgene),	 ﾠKusabira-ﾭ‐Orange8,	 ﾠTagRFPt9,	 ﾠmOrange29,	 ﾠtdTomato10,	 ﾠmCherry10,	 ﾠ	 ﾠ 20	 ﾠ
mKate211	 ﾠ(Evrogen)	 ﾠand	 ﾠeqFP65012	 ﾠ(Evrogen).	 ﾠA	 ﾠHRAS	 ﾠfarnesylation	 ﾠsequence51	 ﾠ
was	 ﾠused	 ﾠto	 ﾠtether	 ﾠXFPs	 ﾠto	 ﾠthe	 ﾠcell	 ﾠmembrane.	 ﾠA	 ﾠnuclear	 ﾠlocalization	 ﾠsignal	 ﾠ(NLS,	 ﾠ
APKKKRKV)	 ﾠwas	 ﾠadded	 ﾠto	 ﾠthe	 ﾠN-ﾭ‐terminal	 ﾠend	 ﾠof	 ﾠPhiYFP(Y65A).	 ﾠWPRE	 ﾠsequence	 ﾠ
was	 ﾠused	 ﾠto	 ﾠstabilize	 ﾠmRNA	 ﾠand	 ﾠenhance	 ﾠnuclear	 ﾠmRNA	 ﾠexport30,	 ﾠ31.	 ﾠPolyadenylation	 ﾠ
signals	 ﾠwere	 ﾠfrom	 ﾠthe	 ﾠSV40	 ﾠt	 ﾠantigen	 ﾠfor	 ﾠmouse	 ﾠtransgenes	 ﾠand	 ﾠfrom	 ﾠthe	 ﾠhuman	 ﾠ
Growth	 ﾠHormone	 ﾠgene	 ﾠfor	 ﾠAAV.	 ﾠBrainbow	 ﾠconstructs	 ﾠwere	 ﾠassembled	 ﾠby	 ﾠstandard	 ﾠ
cloning	 ﾠmethods.	 ﾠA	 ﾠcloning	 ﾠscaffold	 ﾠcontaining	 ﾠconcatenate	 ﾠLox	 ﾠmutant	 ﾠsequences	 ﾠ
and	 ﾠunique	 ﾠrestriction	 ﾠdigestion	 ﾠsites	 ﾠwas	 ﾠsynthesized	 ﾠ(DNA2.0,	 ﾠInc.,	 ﾠMenlo	 ﾠPark,	 ﾠ
CA)	 ﾠto	 ﾠfacilitate	 ﾠcloning.	 ﾠ
	 ﾠ	 ﾠ	 ﾠ
Brainbow	 ﾠmodules	 ﾠwere	 ﾠcloned	 ﾠinto	 ﾠthe	 ﾠpCMV-ﾭ‐	 ﾠN1	 ﾠmammalian	 ﾠexpression	 ﾠvector	 ﾠ
(Clontech)	 ﾠfor	 ﾠtransient	 ﾠmammalian	 ﾠcell	 ﾠexpression.	 ﾠ	 ﾠBrainbow	 ﾠmouse	 ﾠconstructs	 ﾠ
were	 ﾠcloned	 ﾠinto	 ﾠa	 ﾠunique	 ﾠXhoI	 ﾠsite	 ﾠin	 ﾠa	 ﾠgenomic	 ﾠfragment	 ﾠof	 ﾠThy1.2	 ﾠcontaining	 ﾠ
neuron-ﾭ‐specific	 ﾠregulatory	 ﾠelements14.	 ﾠBrainbow	 ﾠAAV	 ﾠconstructs	 ﾠwere	 ﾠcloned	 ﾠinto	 ﾠ
vectors	 ﾠprovided	 ﾠby	 ﾠthe	 ﾠUniversity	 ﾠof	 ﾠPennsylvania	 ﾠVirus	 ﾠCore.	 ﾠConstructs	 ﾠwere	 ﾠ
tested	 ﾠby	 ﾠexpression	 ﾠin	 ﾠHEK293	 ﾠcells	 ﾠ(ATCC)	 ﾠprior	 ﾠto	 ﾠgeneration	 ﾠof	 ﾠmice	 ﾠor	 ﾠAAV.	 ﾠ	 ﾠ	 ﾠ
	 ﾠ
Mice	 ﾠ	 ﾠ
Transgenic	 ﾠmice	 ﾠwere	 ﾠgenerated	 ﾠby	 ﾠpronuclear	 ﾠinjection	 ﾠat	 ﾠthe	 ﾠHarvard	 ﾠGenome	 ﾠ
Modification	 ﾠCore.	 ﾠMice	 ﾠwere	 ﾠmaintained	 ﾠon	 ﾠC57B6	 ﾠor	 ﾠCD-ﾭ‐1	 ﾠbackgrounds.	 ﾠBrainbow	 ﾠ
mice	 ﾠwere	 ﾠcrossed	 ﾠto	 ﾠmice	 ﾠthat	 ﾠexpressed	 ﾠCre	 ﾠor	 ﾠFlp	 ﾠrecombinases,	 ﾠincluding	 ﾠPV-ﾭ‐
Cre32,	 ﾠIslet-ﾭ‐Cre33,	 ﾠCreER34,	 ﾠL7-ﾭ‐Cre35,	 ﾠChAT-ﾭ‐Cre36,	 ﾠThy1-ﾭ‐cre37,	 ﾠWnt-ﾭ‐flp43	 ﾠand	 ﾠActin-ﾭ‐
flp42.	 ﾠAll	 ﾠexperiments	 ﾠconformed	 ﾠto	 ﾠNIH	 ﾠguidelines	 ﾠand	 ﾠwere	 ﾠcarried	 ﾠout	 ﾠin	 ﾠ	 ﾠ 21	 ﾠ
accordance	 ﾠwith	 ﾠprotocols	 ﾠapproved	 ﾠby	 ﾠthe	 ﾠHarvard	 ﾠUniversity	 ﾠStanding	 ﾠCommittee	 ﾠ
on	 ﾠthe	 ﾠUse	 ﾠof	 ﾠAnimals	 ﾠin	 ﾠResearch	 ﾠand	 ﾠTeaching.	 ﾠ
	 ﾠ
AAV	 ﾠ
Two	 ﾠBrainbow	 ﾠAAVs	 ﾠwere	 ﾠmixed	 ﾠto	 ﾠequal	 ﾠtiter	 ﾠ(7.5E12	 ﾠgenome	 ﾠcopy/mL)	 ﾠbefore	 ﾠ
injection.	 ﾠFor	 ﾠretina	 ﾠinjection,	 ﾠadult	 ﾠmice	 ﾠwere	 ﾠanesthetized	 ﾠwith	 ﾠketamine-ﾭ‐xylazine	 ﾠ
by	 ﾠintraperitoneal	 ﾠinjection.	 ﾠA	 ﾠsmall	 ﾠhole	 ﾠwas	 ﾠmade	 ﾠin	 ﾠthe	 ﾠtemporal	 ﾠeye	 ﾠby	 ﾠ
puncturing	 ﾠthe	 ﾠsclera	 ﾠbelow	 ﾠthe	 ﾠcornea	 ﾠwith	 ﾠa	 ﾠ30	 ﾠ1/2	 ﾠG	 ﾠneedle.	 ﾠUsing	 ﾠa	 ﾠHamilton	 ﾠ
syringe	 ﾠwith	 ﾠa	 ﾠ33G	 ﾠblunt-ﾭ‐ended	 ﾠneedle,	 ﾠ0.5-ﾭ‐1	 ﾠμL	 ﾠof	 ﾠAAV	 ﾠvirus	 ﾠwas	 ﾠinjected	 ﾠ
intravitreally.	 ﾠAfter	 ﾠinjections,	 ﾠanimals	 ﾠwere	 ﾠtreated	 ﾠwith	 ﾠAntisedan	 ﾠ(Zoetic)	 ﾠand	 ﾠ
monitored	 ﾠfor	 ﾠfull	 ﾠrecovery.	 ﾠFor	 ﾠcortex	 ﾠinjection,	 ﾠadult	 ﾠmice	 ﾠwere	 ﾠanesthetized	 ﾠwith	 ﾠ
isoflurane	 ﾠvia	 ﾠcontinuous	 ﾠdelivery	 ﾠthrough	 ﾠa	 ﾠnose-ﾭ‐cone	 ﾠand	 ﾠfixed	 ﾠto	 ﾠa	 ﾠstereotaxic	 ﾠ
apparatus	 ﾠSurgery	 ﾠtook	 ﾠplace	 ﾠunder	 ﾠsterile	 ﾠconditions	 ﾠwith	 ﾠthe	 ﾠanimal	 ﾠlying	 ﾠon	 ﾠa	 ﾠ
heating	 ﾠpad.	 ﾠ1	 ﾠµL	 ﾠof	 ﾠ1:5	 ﾠsaline	 ﾠdiluted	 ﾠAAV	 ﾠmix	 ﾠ(1.5E12	 ﾠgenome	 ﾠcopy/mL)	 ﾠwas	 ﾠ
injected	 ﾠover	 ﾠ10	 ﾠminutes.	 ﾠThe	 ﾠhead	 ﾠwound	 ﾠwas	 ﾠsutured	 ﾠat	 ﾠthe	 ﾠend	 ﾠof	 ﾠthe	 ﾠexperiment.	 ﾠ
One	 ﾠinjection	 ﾠof	 ﾠthe	 ﾠnon-ﾭ‐steroidal	 ﾠanti-ﾭ‐inflammatory	 ﾠagent	 ﾠMeloxicam	 ﾠwas	 ﾠgiven	 ﾠat	 ﾠ
the	 ﾠend	 ﾠof	 ﾠthe	 ﾠsurgery	 ﾠand	 ﾠmice	 ﾠwere	 ﾠkept	 ﾠon	 ﾠa	 ﾠheating	 ﾠpad	 ﾠwith	 ﾠaccessible	 ﾠ
moistened	 ﾠfood	 ﾠpellets	 ﾠand/or	 ﾠHydroGel	 ﾠuntil	 ﾠfully	 ﾠrecovered.	 ﾠThe	 ﾠmice	 ﾠwere	 ﾠgiven	 ﾠ
another	 ﾠdose	 ﾠof	 ﾠMeloxicam	 ﾠone	 ﾠday	 ﾠlater	 ﾠand	 ﾠexamined	 ﾠ4-ﾭ‐6	 ﾠweeks	 ﾠinfection.	 ﾠ
	 ﾠ
Antibodies	 ﾠ
Expression	 ﾠvectors	 ﾠwere	 ﾠconstructed	 ﾠto	 ﾠproduce	 ﾠHis	 ﾠtag	 ﾠfusions	 ﾠof	 ﾠXFPs	 ﾠin	 ﾠE.	 ﾠcoli.	 ﾠ
Proteins	 ﾠwere	 ﾠproduced	 ﾠin	 ﾠbacterial,	 ﾠpurified	 ﾠusing	 ﾠHis	 ﾠFusion	 ﾠProtein	 ﾠPurification	 ﾠ	 ﾠ 22	 ﾠ
Kits	 ﾠ(Thermo	 ﾠScientific),	 ﾠconcentrated	 ﾠto	 ﾠ>	 ﾠ3	 ﾠmg/ml,	 ﾠand	 ﾠused	 ﾠas	 ﾠimmunogens	 ﾠto	 ﾠ
produce	 ﾠrat	 ﾠanti-ﾭ‐mTFP,	 ﾠchicken	 ﾠanti-ﾭ‐EGFP,	 ﾠrat	 ﾠanti-ﾭ‐PhiYFP,	 ﾠrabbit	 ﾠanti-ﾭ‐mCherry	 ﾠand	 ﾠ
guinea	 ﾠpig	 ﾠanti-ﾭ‐mKate2.	 ﾠ(Covance,	 ﾠInc.).	 ﾠChicken	 ﾠanti-ﾭ‐EGFP	 ﾠIgY	 ﾠwas	 ﾠpurified	 ﾠfrom	 ﾠ
chicken	 ﾠegg	 ﾠyolks	 ﾠusing	 ﾠPierce	 ﾠChicken	 ﾠIgY	 ﾠPurification	 ﾠKit	 ﾠ(Thermo	 ﾠScientific).	 ﾠ
Other	 ﾠsera	 ﾠwere	 ﾠused	 ﾠwithout	 ﾠpurification.	 ﾠ	 ﾠOther	 ﾠantibodies	 ﾠused	 ﾠwere:	 ﾠrabbit	 ﾠanti-ﾭ‐
GFP	 ﾠ(ab6556,	 ﾠAbcam),	 ﾠrabbit	 ﾠanti-ﾭ‐PhiYFP	 ﾠ(#AB604,	 ﾠEvrogen),	 ﾠchicken	 ﾠanti-ﾭ‐
SUMOstar	 ﾠ(#AB7002,	 ﾠLifeSensors	 ﾠInc),	 ﾠDylight	 ﾠ405	 ﾠconjugated	 ﾠgoat	 ﾠanti-ﾭ‐rat	 ﾠ(Jackson	 ﾠ
ImmunoResearch	 ﾠLaboratories,	 ﾠInc.)	 ﾠand	 ﾠAlexa	 ﾠfluorescent	 ﾠdye	 ﾠconjugated	 ﾠgoat	 ﾠ
include	 ﾠanti-ﾭ‐rat	 ﾠ488,	 ﾠanti-ﾭ‐chicken	 ﾠ488	 ﾠand	 ﾠ594,	 ﾠanti-ﾭ‐rabbit	 ﾠ514	 ﾠand	 ﾠ546,	 ﾠand	 ﾠanti-ﾭ‐
guinea	 ﾠpig	 ﾠ647	 ﾠ(Life	 ﾠTechnologies	 ﾠCorporation).	 ﾠ	 ﾠ
	 ﾠ
Histology	 ﾠ
Mice	 ﾠwere	 ﾠanesthetized	 ﾠwith	 ﾠsodium	 ﾠpentobarbital	 ﾠbefore	 ﾠintracardiac	 ﾠperfusion	 ﾠ
with	 ﾠ2-ﾭ‐4%	 ﾠparaformaldehyde	 ﾠin	 ﾠPBS.	 ﾠBrains	 ﾠwere	 ﾠsectioned	 ﾠat	 ﾠ100	 ﾠμm	 ﾠusing	 ﾠa	 ﾠLeica	 ﾠ
vt1000s	 ﾠvibratome.	 ﾠ	 ﾠMuscle	 ﾠand	 ﾠretina	 ﾠwere	 ﾠsectioned	 ﾠat	 ﾠ20	 ﾠμm	 ﾠin	 ﾠa	 ﾠLeica	 ﾠCM1850	 ﾠ
cryostat	 ﾠor	 ﾠprocessed	 ﾠas	 ﾠwhole	 ﾠmounts.	 ﾠFor	 ﾠimmunostaining,	 ﾠtissues	 ﾠwere	 ﾠ
permeablized	 ﾠby	 ﾠ0.5%	 ﾠTriton	 ﾠX-ﾭ‐100	 ﾠwith	 ﾠ0.02%	 ﾠsodium	 ﾠazide	 ﾠin	 ﾠStartingBloc	 ﾠ
(Thermo	 ﾠScientific)	 ﾠat	 ﾠroom	 ﾠtemperature	 ﾠfor	 ﾠ2	 ﾠhours,	 ﾠthen	 ﾠincubated	 ﾠwith	 ﾠ
combinations	 ﾠof	 ﾠanti-ﾭ‐XFPs	 ﾠ(see	 ﾠabove)	 ﾠfor	 ﾠ24-ﾭ‐48	 ﾠhours	 ﾠat	 ﾠ4	 ﾠ°C.	 ﾠAfter	 ﾠextensive	 ﾠ
washing	 ﾠin	 ﾠPBST	 ﾠ(0.01	 ﾠM	 ﾠPBS	 ﾠwith	 ﾠ0.1%	 ﾠTriton	 ﾠX-ﾭ‐100),	 ﾠall	 ﾠsecondary	 ﾠantibodies	 ﾠ
(1:500)	 ﾠwere	 ﾠadded	 ﾠfor	 ﾠ12	 ﾠhours	 ﾠat	 ﾠ4	 ﾠ°C.	 ﾠFinally,	 ﾠsections	 ﾠand	 ﾠtissues	 ﾠwere	 ﾠmounted	 ﾠ
in	 ﾠVectashield	 ﾠmounting	 ﾠmedium	 ﾠ(Vector	 ﾠLaboratory)	 ﾠand	 ﾠstored	 ﾠat	 ﾠ-ﾭ‐20	 ﾠ°C	 ﾠuntil	 ﾠthey	 ﾠ
were	 ﾠimaged.	 ﾠ	 ﾠ	 ﾠ 23	 ﾠ
	 ﾠ
Antibody	 ﾠcombinations	 ﾠused	 ﾠin	 ﾠfigures	 ﾠare	 ﾠas	 ﾠfollowing:	 ﾠIn	 ﾠFigure	 ﾠ1e-ﾭ‐h,	 ﾠFigure	 ﾠ2b	 ﾠ
and	 ﾠd-ﾭ‐g,	 ﾠFigure	 ﾠ4d,	 ﾠSupplementary	 ﾠFigure	 ﾠ2a-ﾭ‐d,	 ﾠSupplementary	 ﾠFigure	 ﾠ4b	 ﾠand	 ﾠ
Supplementary	 ﾠFigure	 ﾠ5,	 ﾠprimary	 ﾠantibodies	 ﾠare	 ﾠchicken	 ﾠanti-ﾭ‐GFP	 ﾠ(1:2,000),	 ﾠrabbit	 ﾠ
anti-ﾭ‐mCherry	 ﾠ(1:1,000,	 ﾠfor	 ﾠmOrange2)	 ﾠand	 ﾠguinea	 ﾠpig	 ﾠanti-ﾭ‐mKate2	 ﾠ(1:500).	 ﾠ
Secondary	 ﾠantibodies	 ﾠare	 ﾠAlexa	 ﾠdye	 ﾠconjugated	 ﾠgoat	 ﾠanti-ﾭ‐chicken488,	 ﾠanti-ﾭ‐rabbit546,	 ﾠ
and	 ﾠanti-ﾭ‐guinea	 ﾠpig647.	 ﾠIn	 ﾠFigure	 ﾠ3b-ﾭ‐d	 ﾠand	 ﾠSupplementary	 ﾠFigure	 ﾠ2e,	 ﾠprimary	 ﾠ
antibodies	 ﾠare	 ﾠchicken	 ﾠanti-ﾭ‐GFP	 ﾠ(for	 ﾠECFP),	 ﾠrabbit	 ﾠanti-ﾭ‐PhiYFP	 ﾠ(1:1,000)	 ﾠand	 ﾠguinea	 ﾠ
pig	 ﾠanti-ﾭ‐mKate2.	 ﾠSecondary	 ﾠantibodies	 ﾠare	 ﾠAlexa	 ﾠdye	 ﾠconjugated	 ﾠgoat	 ﾠanti-ﾭ‐
chicken488,	 ﾠanti-ﾭ‐rabbit546,	 ﾠand	 ﾠanti-ﾭ‐guinea	 ﾠpig647.	 ﾠIn	 ﾠFigure	 ﾠ4c,	 ﾠrabbit	 ﾠanti-ﾭ‐PhiYFP	 ﾠ
and	 ﾠAlexa	 ﾠdye	 ﾠconjugated	 ﾠgoat	 ﾠanti-ﾭ‐rabbit514	 ﾠare	 ﾠused.	 ﾠIn	 ﾠFigure	 ﾠ5d,	 ﾠprimary	 ﾠ
antibodies	 ﾠare	 ﾠrat	 ﾠanti-ﾭ‐mTFP	 ﾠand	 ﾠrabbit	 ﾠanti-ﾭ‐mCherry.	 ﾠSecondary	 ﾠantibodies	 ﾠare	 ﾠ
Alexa	 ﾠdye	 ﾠconjugated	 ﾠgoat	 ﾠanti-ﾭ‐rat488	 ﾠand	 ﾠanti-ﾭ‐rabbit546.	 ﾠIn	 ﾠFigure	 ﾠ5f-ﾭ‐j	 ﾠand	 ﾠ
Supplementary	 ﾠFigure	 ﾠ9,	 ﾠprimary	 ﾠantibodies	 ﾠare	 ﾠguinea	 ﾠpig	 ﾠanti-ﾭ‐mKate2	 ﾠ(for	 ﾠ
TagBFP),	 ﾠrat	 ﾠanti-ﾭ‐mTFP	 ﾠ(1:1,000),	 ﾠchicken	 ﾠanti-ﾭ‐GFP	 ﾠ(for	 ﾠEYFP)	 ﾠand	 ﾠrabbit	 ﾠanti-ﾭ‐
mCherry.	 ﾠSecondary	 ﾠantibodies	 ﾠare	 ﾠAlexa	 ﾠdye	 ﾠconjugated	 ﾠgoat	 ﾠanti-ﾭ‐rat488,	 ﾠanti-ﾭ‐
chicken488,	 ﾠanti-ﾭ‐rabbit546,	 ﾠand	 ﾠanti-ﾭ‐guinea	 ﾠpig647.	 ﾠIn	 ﾠSupplementary	 ﾠFigure	 ﾠ1,	 ﾠ
primary	 ﾠantibodies	 ﾠare	 ﾠrat	 ﾠanti-ﾭ‐PhiYFP	 ﾠ(1:1,000)	 ﾠand	 ﾠrabbit	 ﾠanti-ﾭ‐mCherry	 ﾠ(1:1,000,	 ﾠ
for	 ﾠmOrange2).	 ﾠSecondary	 ﾠantibodies	 ﾠare	 ﾠAlexa	 ﾠdye	 ﾠconjugated	 ﾠgoat	 ﾠanti-ﾭ‐rat488	 ﾠand	 ﾠ
anti-ﾭ‐rabbit546.	 ﾠIn	 ﾠSupplementary	 ﾠFigure	 ﾠ7,	 ﾠprimary	 ﾠantibodies	 ﾠare	 ﾠrabbit	 ﾠanti-ﾭ‐EGFP	 ﾠ
(1:1,000,	 ﾠfor	 ﾠECFP)	 ﾠand	 ﾠchicken	 ﾠanti-ﾭ‐SUMOstar	 ﾠ(1:1,000).	 ﾠSecondary	 ﾠantibodies	 ﾠare	 ﾠ
Alexa	 ﾠdye	 ﾠconjugated	 ﾠgoat	 ﾠanti-ﾭ‐rabbit514	 ﾠand	 ﾠanti-ﾭ‐chicken594.	 ﾠ
	 ﾠ	 ﾠ 24	 ﾠ
Imaging	 ﾠ
Fixed	 ﾠbrain	 ﾠand	 ﾠmuscle	 ﾠsamples	 ﾠwere	 ﾠimaged	 ﾠusing	 ﾠa	 ﾠZeiss	 ﾠLSM710	 ﾠconfocal	 ﾠ
microscope.	 ﾠBest	 ﾠseparation	 ﾠof	 ﾠmultiple	 ﾠfluorophores	 ﾠwas	 ﾠobtained	 ﾠby	 ﾠusing	 ﾠa	 ﾠ405	 ﾠ
photodiode	 ﾠlaser	 ﾠfor	 ﾠTagBFP	 ﾠand	 ﾠDylight405,	 ﾠa	 ﾠ440	 ﾠnm	 ﾠphotodiode	 ﾠlaser	 ﾠfor	 ﾠmTFP,	 ﾠa	 ﾠ
488	 ﾠnm	 ﾠArgon	 ﾠline	 ﾠfor	 ﾠEGFP	 ﾠand	 ﾠAlexa488,	 ﾠa	 ﾠ514	 ﾠnm	 ﾠArgon	 ﾠline	 ﾠfor	 ﾠEYFP	 ﾠand	 ﾠ
Alexa514,	 ﾠa	 ﾠ561	 ﾠnm	 ﾠphotodiode	 ﾠfor	 ﾠmOrange2	 ﾠand	 ﾠAlexa546,	 ﾠa	 ﾠ594	 ﾠnm	 ﾠphotodiode	 ﾠ
for	 ﾠmCherry,	 ﾠmKate2	 ﾠand	 ﾠAlexa594	 ﾠor	 ﾠa	 ﾠ633	 ﾠnm	 ﾠphotodiode	 ﾠfor	 ﾠAlexa647.	 ﾠImages	 ﾠ
were	 ﾠobtained	 ﾠwith	 ﾠ16x	 ﾠ(0.8	 ﾠNA),	 ﾠand	 ﾠ63x	 ﾠ(1.45	 ﾠNA)	 ﾠoil	 ﾠobjectives.	 ﾠConfocal	 ﾠimage	 ﾠ
stacks	 ﾠfor	 ﾠall	 ﾠchannels	 ﾠwere	 ﾠacquired	 ﾠsequentially,	 ﾠand	 ﾠmaximally	 ﾠor	 ﾠ3D	 ﾠview	 ﾠ
projected	 ﾠusing	 ﾠImageJ	 ﾠ(NIH).	 ﾠIntensity	 ﾠlevels	 ﾠwere	 ﾠuniformly	 ﾠadjusted	 ﾠin	 ﾠImageJ.	 ﾠ
	 ﾠ
Optimal	 ﾠimaging	 ﾠfor	 ﾠBrainbow	 ﾠ3	 ﾠtissue	 ﾠused	 ﾠa	 ﾠZeiss	 ﾠLSM710	 ﾠwith	 ﾠfixed	 ﾠdichroic	 ﾠ
mirror	 ﾠcombinations	 ﾠof	 ﾠDM455+514/594	 ﾠin	 ﾠorder	 ﾠto	 ﾠreduce	 ﾠlag	 ﾠtime	 ﾠbetween	 ﾠthe	 ﾠ
two	 ﾠsequential	 ﾠscans.	 ﾠEGFP	 ﾠand	 ﾠmKate2	 ﾠare	 ﾠexcited	 ﾠby	 ﾠ458	 ﾠnm	 ﾠand	 ﾠ594	 ﾠnm	 ﾠlasers	 ﾠ
simultaneously;	 ﾠand	 ﾠfluorescence	 ﾠis	 ﾠcollected	 ﾠat	 ﾠ465-ﾭ‐580	 ﾠnm	 ﾠin	 ﾠChannel	 ﾠ1	 ﾠand	 ﾠ605-ﾭ‐
780	 ﾠnm	 ﾠin	 ﾠChannel	 ﾠ2,	 ﾠrespectively.	 ﾠIn	 ﾠa	 ﾠsubsequent	 ﾠscan,	 ﾠ514	 ﾠnm	 ﾠlaser	 ﾠis	 ﾠused	 ﾠto	 ﾠ
excite	 ﾠmOrange2;	 ﾠand	 ﾠfluorescence	 ﾠis	 ﾠcollected	 ﾠat	 ﾠ545-ﾭ‐600	 ﾠnm	 ﾠin	 ﾠChannel	 ﾠ2.	 ﾠIn	 ﾠthe	 ﾠ
antibody	 ﾠamplified	 ﾠsamples,	 ﾠconjugated	 ﾠAlexa	 ﾠdyes	 ﾠnormally	 ﾠproduce	 ﾠmuch	 ﾠ
stronger	 ﾠfluorescence	 ﾠsignal	 ﾠthan	 ﾠXFPs.	 ﾠThe	 ﾠZeiss	 ﾠmicroscope	 ﾠwe	 ﾠused	 ﾠis	 ﾠoptimized	 ﾠ
for	 ﾠimaging	 ﾠthe	 ﾠAlexa488/546/647	 ﾠcombination.	 ﾠThe	 ﾠfixed	 ﾠdichroic	 ﾠmirror	 ﾠis	 ﾠ
DM488/561/633.	 ﾠAlexa488	 ﾠand	 ﾠAlexa647	 ﾠare	 ﾠexcited	 ﾠby	 ﾠ488	 ﾠnm	 ﾠand	 ﾠ633	 ﾠnm	 ﾠlasers	 ﾠ
simultaneously;	 ﾠand	 ﾠfluorescence	 ﾠis	 ﾠcollected	 ﾠat	 ﾠ495-ﾭ‐590	 ﾠnm	 ﾠin	 ﾠChannel	 ﾠ1	 ﾠand	 ﾠ638-ﾭ‐	 ﾠ 25	 ﾠ
780	 ﾠnm	 ﾠin	 ﾠChannel	 ﾠ2,	 ﾠrespectively.	 ﾠIn	 ﾠthe	 ﾠsubsequent	 ﾠscan,	 ﾠ561	 ﾠnm	 ﾠlaser	 ﾠis	 ﾠused	 ﾠto	 ﾠ
excite	 ﾠmOrange2;	 ﾠand	 ﾠfluorescence	 ﾠis	 ﾠcollected	 ﾠat	 ﾠ566-ﾭ‐626	 ﾠnm	 ﾠin	 ﾠChannel	 ﾠ2.	 ﾠ
	 ﾠ
Reference	 ﾠfor	 ﾠmethods	 ﾠ
51.	 ﾠ Hancock,	 ﾠJ.F.,	 ﾠCadwallader,	 ﾠK.,	 ﾠPaterson,	 ﾠH.	 ﾠ&	 ﾠMarshall,	 ﾠC.J.	 ﾠA	 ﾠCAAX	 ﾠor	 ﾠa	 ﾠCAAL	 ﾠ
motif	 ﾠand	 ﾠa	 ﾠsecond	 ﾠsignal	 ﾠare	 ﾠsufficient	 ﾠfor	 ﾠplasma	 ﾠmembrane	 ﾠtargeting	 ﾠof	 ﾠras	 ﾠ




Figure	 ﾠ1.	 ﾠBrainbow	 ﾠ3	 ﾠtransgenic	 ﾠmice.	 ﾠ
(a-ﾭ‐d)	 ﾠSteps	 ﾠin	 ﾠgeneration	 ﾠof	 ﾠBrainbow	 ﾠ3	 ﾠtransgenic	 ﾠmice.	 ﾠ	 ﾠ(a)	 ﾠBrainbow	 ﾠ1.0	 ﾠ
(described	 ﾠin	 ﾠref.	 ﾠ15).	 ﾠ(b)	 ﾠBrainbow	 ﾠ3.0	 ﾠincorporates	 ﾠfarnesylated,	 ﾠantigenically	 ﾠ
distinct	 ﾠXFPs	 ﾠ(mOrange2f,	 ﾠEGFPf,	 ﾠand	 ﾠmKate2f)	 ﾠfor	 ﾠmembrane	 ﾠlabeling	 ﾠand	 ﾠantibody	 ﾠ
amplification.	 ﾠ(c)	 ﾠBrainbow	 ﾠ3.1	 ﾠincorporates	 ﾠa	 ﾠnuclear-ﾭ‐targeted	 ﾠnon-ﾭ‐fluorescent	 ﾠXFP	 ﾠ
(PhiNFPnls)	 ﾠin	 ﾠthe	 ﾠfirst	 ﾠ(default)	 ﾠposition	 ﾠto	 ﾠlimit	 ﾠfluorescence	 ﾠto	 ﾠCre-ﾭ‐expressing	 ﾠ
cells	 ﾠwhile	 ﾠretaining	 ﾠthe	 ﾠability	 ﾠto	 ﾠscreen	 ﾠlines	 ﾠwith	 ﾠa	 ﾠfourth	 ﾠantibody	 ﾠin	 ﾠthe	 ﾠabsence	 ﾠ
of	 ﾠCre.	 ﾠ(d)	 ﾠBrainbow	 ﾠ3.2	 ﾠincorporates	 ﾠa	 ﾠWPRE	 ﾠinto	 ﾠBrainbow	 ﾠ3.1	 ﾠto	 ﾠincrease	 ﾠXFP	 ﾠ
levels.	 ﾠP,	 ﾠLoxP;	 ﾠ2,	 ﾠLox2272;	 ﾠN,	 ﾠLoxN;	 ﾠW,	 ﾠWPRE;	 ﾠpA,	 ﾠpolyadenylation	 ﾠsequence.	 ﾠ
(e-ﾭ‐g)	 ﾠLow	 ﾠ(e)	 ﾠand	 ﾠhigh	 ﾠ(f)	 ﾠpower	 ﾠviews	 ﾠof	 ﾠmuscles	 ﾠfrom	 ﾠBrainbow	 ﾠ3.0	 ﾠ(line	 ﾠD);	 ﾠIslet-ﾭ‐
cre	 ﾠmouse,	 ﾠshowing	 ﾠterminal	 ﾠaxons	 ﾠand	 ﾠneuromuscular	 ﾠjunctions	 ﾠin	 ﾠextraocular	 ﾠ
muscle.	 ﾠ(g)	 ﾠRotated	 ﾠimage	 ﾠalong	 ﾠdashed	 ﾠbar	 ﾠin	 ﾠ(f)	 ﾠto	 ﾠshow	 ﾠ5	 ﾠmotor	 ﾠaxons	 ﾠlabeled	 ﾠin	 ﾠ
distinct	 ﾠcolors.	 ﾠThe	 ﾠopen	 ﾠcircles	 ﾠshow	 ﾠthat	 ﾠfarnesylated	 ﾠXFPs	 ﾠmark	 ﾠplasma	 ﾠ
membranes	 ﾠmore	 ﾠthan	 ﾠcytoplasm.	 ﾠ	 ﾠ	 ﾠ 26	 ﾠ
(h)	 ﾠCerebellum	 ﾠfrom	 ﾠBrainbow	 ﾠ3.1	 ﾠ(line	 ﾠ3);	 ﾠL7-ﾭ‐Cre	 ﾠmouse.	 ﾠ	 ﾠThe	 ﾠ10	 ﾠPurkinje	 ﾠcells	 ﾠin	 ﾠ
this	 ﾠfield	 ﾠare	 ﾠlabeled	 ﾠby	 ﾠat	 ﾠleast	 ﾠ7	 ﾠdistinct	 ﾠcolors	 ﾠ(antibody	 ﾠamplified	 ﾠand	 ﾠnumbered	 ﾠ
i-ﾭ‐vii).	 ﾠBecause	 ﾠCre	 ﾠis	 ﾠselectively	 ﾠexpressed	 ﾠby	 ﾠPurkinje	 ﾠcells	 ﾠin	 ﾠthe	 ﾠL7-ﾭ‐cre	 ﾠline,	 ﾠno	 ﾠ
other	 ﾠcell	 ﾠtypes	 ﾠare	 ﾠlabeled.	 ﾠ	 ﾠ
(i)	 ﾠCerebellum	 ﾠfrom	 ﾠBrainbow	 ﾠ3.2	 ﾠ(line	 ﾠ7);	 ﾠCreER	 ﾠmouse	 ﾠshowing	 ﾠgranule	 ﾠnative	 ﾠ
fluorescence	 ﾠin	 ﾠred,	 ﾠpink,	 ﾠyellow,	 ﾠgreen,	 ﾠcyan,	 ﾠblue	 ﾠand	 ﾠbrown.	 ﾠP,	 ﾠparallel	 ﾠfibers	 ﾠin	 ﾠ
molecular	 ﾠlayer.	 ﾠPurkinje	 ﾠcell	 ﾠbodies,	 ﾠwhich	 ﾠare	 ﾠunlabeled,	 ﾠare	 ﾠoutlined.	 ﾠ	 ﾠ
Bars	 ﾠare	 ﾠ50μm	 ﾠin	 ﾠe,	 ﾠ20μm	 ﾠin	 ﾠf	 ﾠand	 ﾠh,	 ﾠ5μm	 ﾠin	 ﾠg,	 ﾠ10μm	 ﾠin	 ﾠi.	 ﾠ	 ﾠ
	 ﾠ
Figure	 ﾠ2.	 ﾠImproved	 ﾠvisualization	 ﾠof	 ﾠneurons	 ﾠin	 ﾠBrainbow	 ﾠ3	 ﾠmice.	 ﾠ
(a,b)	 ﾠCerebellum	 ﾠfromf	 ﾠBrainbow	 ﾠ1.0	 ﾠ(a)	 ﾠand	 ﾠBrainbow	 ﾠ3.1	 ﾠ(line3);	 ﾠL7Cre	 ﾠ(b)	 ﾠmice.	 ﾠ
Left	 ﾠand	 ﾠright	 ﾠpanels	 ﾠin	 ﾠthe	 ﾠmiddle	 ﾠshow	 ﾠhigh	 ﾠmagnification	 ﾠviews	 ﾠof	 ﾠboxed	 ﾠregions	 ﾠ
in	 ﾠa	 ﾠand	 ﾠb,	 ﾠrespectively.	 ﾠThe	 ﾠfarnesylated	 ﾠXFPs	 ﾠclearly	 ﾠlabel	 ﾠthe	 ﾠfine	 ﾠprocesses	 ﾠand	 ﾠ
dendritic	 ﾠspines	 ﾠ(arrows,	 ﾠmiddle	 ﾠright),	 ﾠwhich	 ﾠare	 ﾠmissing	 ﾠin	 ﾠthe	 ﾠcytoplasmic	 ﾠ
labeling	 ﾠ(middle	 ﾠleft).	 ﾠ	 ﾠ
(c,d)	 ﾠRetina	 ﾠfrom	 ﾠa	 ﾠBrainbow	 ﾠ3.0	 ﾠ(line	 ﾠD);	 ﾠIslet-ﾭ‐cre	 ﾠmouse	 ﾠexpressing	 ﾠEGFP	 ﾠ(blue),	 ﾠ
mOrange2	 ﾠ(green)	 ﾠand	 ﾠmKate2	 ﾠ(red).	 ﾠc	 ﾠshows	 ﾠIntrinsic	 ﾠXFP	 ﾠfluorescence	 ﾠand	 ﾠd	 ﾠ
shows	 ﾠa	 ﾠnearby	 ﾠsection	 ﾠimmunostained	 ﾠwith	 ﾠchicken-ﾭ‐anti-ﾭ‐GFP,	 ﾠrabbit-ﾭ‐anti-ﾭ‐
mOrange2	 ﾠand	 ﾠguinea	 ﾠpig-ﾭ‐anti-ﾭ‐mKate2.	 ﾠImmunostaining	 ﾠenhances	 ﾠfluorescence	 ﾠand	 ﾠ
the	 ﾠnumber	 ﾠof	 ﾠlabeled	 ﾠneurons	 ﾠand	 ﾠprocesses	 ﾠwithout	 ﾠcompromising	 ﾠcolor	 ﾠdiversity.	 ﾠ
(e-ﾭ‐i)	 ﾠImmunostained	 ﾠcerebellum	 ﾠsection	 ﾠfrom	 ﾠBrainbow	 ﾠ3.2	 ﾠ(line	 ﾠ7);PV-ﾭ‐cre	 ﾠmouse.	 ﾠ	 ﾠ
Separate	 ﾠchannels	 ﾠof	 ﾠregion	 ﾠboxed	 ﾠin	 ﾠe	 ﾠare	 ﾠshown	 ﾠin	 ﾠf-ﾭ‐h.	 ﾠThe	 ﾠfraction	 ﾠof	 ﾠall	 ﾠlabeled	 ﾠ	 ﾠ 27	 ﾠ
neurons	 ﾠthat	 ﾠexpress	 ﾠEGFP	 ﾠ(f),	 ﾠmOrange2	 ﾠ(g)	 ﾠor	 ﾠmKate2	 ﾠ(h)	 ﾠis	 ﾠindicated	 ﾠin	 ﾠI	 ﾠ(2037	 ﾠ
neurons	 ﾠfrom	 ﾠ15	 ﾠregions).	 ﾠ	 ﾠ
Bars	 ﾠare	 ﾠ40μm	 ﾠin	 ﾠa	 ﾠand	 ﾠb,	 ﾠ20μm	 ﾠin	 ﾠc	 ﾠand	 ﾠd,	 ﾠ25μm	 ﾠin	 ﾠe-ﾭ‐g,	 ﾠ10μm	 ﾠin	 ﾠinserts.	 ﾠ
	 ﾠ
Figure	 ﾠ3.	 ﾠAutobow.	 ﾠ
(a)	 ﾠIn	 ﾠAutobow,	 ﾠa	 ﾠself-ﾭ‐excising	 ﾠCre	 ﾠrecombinase	 ﾠcDNA	 ﾠis	 ﾠplaced	 ﾠin	 ﾠthe	 ﾠfirst	 ﾠ(default)	 ﾠ
position.	 ﾠOnce	 ﾠexpressed,	 ﾠCre	 ﾠcan	 ﾠlead	 ﾠto	 ﾠexpression	 ﾠof	 ﾠany	 ﾠof	 ﾠthe	 ﾠ3	 ﾠfollowing	 ﾠXFPs	 ﾠ
(outcomes	 ﾠ1-ﾭ‐3),	 ﾠbut	 ﾠis	 ﾠitself	 ﾠexcised	 ﾠin	 ﾠthe	 ﾠprocess,	 ﾠterminating	 ﾠrecombination.	 ﾠ	 ﾠ
(b)	 ﾠLabeling	 ﾠof	 ﾠhippocampal	 ﾠneurons	 ﾠby	 ﾠAutobow	 ﾠfounder	 ﾠ3.	 ﾠThe	 ﾠ20	 ﾠlarge	 ﾠneurons	 ﾠ
(diameter	 ﾠ<5μm)	 ﾠin	 ﾠthis	 ﾠsection	 ﾠare	 ﾠlabeled	 ﾠin	 ﾠ20	 ﾠdistinct	 ﾠcolors.	 ﾠAntibody	 ﾠamplified	 ﾠ
Cerulean,	 ﾠPhiYFP	 ﾠand	 ﾠmKate2	 ﾠare	 ﾠin	 ﾠblue,	 ﾠgreen	 ﾠand	 ﾠred,	 ﾠrespectively.	 ﾠ	 ﾠ
(c,d)	 ﾠCortical	 ﾠneurons	 ﾠof	 ﾠan	 ﾠAutobow	 ﾠmouse	 ﾠline	 ﾠshow	 ﾠsimilar	 ﾠcolor	 ﾠpalette	 ﾠin	 ﾠthe	 ﾠ
second	 ﾠ(c)	 ﾠand	 ﾠsixth	 ﾠ(d)	 ﾠgenerations.	 ﾠAntibody	 ﾠamplified	 ﾠCerulean,	 ﾠPhiYFP	 ﾠand	 ﾠ
mKate2	 ﾠare	 ﾠin	 ﾠblue,	 ﾠgreen	 ﾠand	 ﾠred,	 ﾠrespectively.	 ﾠ	 ﾠBars	 ﾠare	 ﾠ50μm.	 ﾠ
	 ﾠ
Figure	 ﾠ4.	 ﾠFlpbow.	 ﾠ
	 ﾠ(a,b)	 ﾠFlpbow	 ﾠtransgenes	 ﾠincorporate	 ﾠFrt	 ﾠsites,	 ﾠwhich	 ﾠare	 ﾠsubstrates	 ﾠfor	 ﾠFlp	 ﾠ
recombinase,	 ﾠinstead	 ﾠof	 ﾠLox	 ﾠsites,	 ﾠwhich	 ﾠare	 ﾠsubstrates	 ﾠfor	 ﾠCre	 ﾠrecombinase.	 ﾠIn	 ﾠ
Flpbow	 ﾠ1	 ﾠ(a),	 ﾠthe	 ﾠLox	 ﾠsites	 ﾠof	 ﾠBrainbow	 ﾠ1.0	 ﾠwere	 ﾠreplaced	 ﾠby	 ﾠincompatible	 ﾠFrt	 ﾠsites	 ﾠ
Frt5T2	 ﾠand	 ﾠFrt545.	 ﾠIn	 ﾠFlpbow	 ﾠ3	 ﾠ(b),	 ﾠthe	 ﾠLox	 ﾠsites	 ﾠof	 ﾠBrainbow	 ﾠ3.2	 ﾠwere	 ﾠreplaced	 ﾠby	 ﾠ
incompatible	 ﾠFrt	 ﾠsites	 ﾠF3,	 ﾠFrt5T2	 ﾠand	 ﾠFrt545.	 ﾠIn	 ﾠaddition,	 ﾠXFPs	 ﾠin	 ﾠthis	 ﾠconstruct	 ﾠ
were	 ﾠfused	 ﾠto	 ﾠSUMO-ﾭ‐Star,	 ﾠproviding	 ﾠan	 ﾠepitope	 ﾠtag.	 ﾠ	 ﾠ	 ﾠ 28	 ﾠ
(c)	 ﾠLabeling	 ﾠof	 ﾠneurons	 ﾠin	 ﾠcaudate	 ﾠputamen	 ﾠof	 ﾠFlpbow	 ﾠ1;	 ﾠWnt-ﾭ‐flp	 ﾠdouble	 ﾠtransgenic.	 ﾠ
Neurons	 ﾠare	 ﾠlabeled	 ﾠby	 ﾠat	 ﾠleast	 ﾠnine	 ﾠcolors	 ﾠ(red,	 ﾠorange,	 ﾠyellow,	 ﾠyellow-ﾭ‐green,	 ﾠgreen,	 ﾠ
cyan,	 ﾠblue,	 ﾠpurple,	 ﾠpink).	 ﾠNative	 ﾠfluorescence	 ﾠof	 ﾠECFP,	 ﾠtdTomato	 ﾠand	 ﾠantibody	 ﾠ
amplified	 ﾠPhiYFP	 ﾠare	 ﾠin	 ﾠblue,	 ﾠred	 ﾠand	 ﾠgreen,	 ﾠrespectively.	 ﾠ	 ﾠ	 ﾠ
(d)	 ﾠLabeling	 ﾠof	 ﾠmossy	 ﾠfibers	 ﾠin	 ﾠFlpbow3;	 ﾠWnt-ﾭ‐flp	 ﾠdouble	 ﾠtransgenic.	 ﾠFluorescence	 ﾠof	 ﾠ
antibody	 ﾠamplified	 ﾠEGFP,	 ﾠmOrange2	 ﾠand	 ﾠmKate2	 ﾠare	 ﾠin	 ﾠblue,	 ﾠred	 ﾠand	 ﾠgreen,	 ﾠ
respectively.	 ﾠ	 ﾠ	 ﾠ
Bars	 ﾠare	 ﾠ50μm	 ﾠin	 ﾠc,	 ﾠ20μm	 ﾠin	 ﾠd.	 ﾠ
	 ﾠ
Figure	 ﾠ5.	 ﾠBrainbow	 ﾠAAV.	 ﾠ
(a)	 ﾠAAV	 ﾠBrainbow	 ﾠconstructs	 ﾠand	 ﾠrecombination	 ﾠscheme.	 ﾠFarnesylated	 ﾠTagBFP	 ﾠand	 ﾠ
EYFP	 ﾠor	 ﾠmCherry	 ﾠand	 ﾠmTFP	 ﾠwere	 ﾠplaced	 ﾠin	 ﾠreverse	 ﾠorientation	 ﾠbetween	 ﾠmutant	 ﾠLox	 ﾠ
sites.	 ﾠEF1α,	 ﾠregulatory	 ﾠelements	 ﾠfrom	 ﾠelongation	 ﾠfactor	 ﾠ1α	 ﾠgene;	 ﾠW,	 ﾠWPRE;	 ﾠtriangles,	 ﾠ
Lox	 ﾠmutants	 ﾠand	 ﾠtheir	 ﾠrecombination	 ﾠproducts;	 ﾠdark	 ﾠand	 ﾠlight	 ﾠsectors	 ﾠindicate	 ﾠwild-ﾭ‐
type	 ﾠand	 ﾠmutant	 ﾠportions	 ﾠof	 ﾠLox	 ﾠsites,	 ﾠrespectively;	 ﾠ1-ﾭ‐6,	 ﾠrecombination	 ﾠevents.	 ﾠ
(b)	 ﾠOutcomes	 ﾠof	 ﾠrecombination	 ﾠevents	 ﾠnumbered	 ﾠin	 ﾠa.	 ﾠOpen	 ﾠarrows,	 ﾠdirection	 ﾠof	 ﾠ
intervening	 ﾠcDNA;	 ﾠX,	 ﾠfully	 ﾠmutant	 ﾠ(light	 ﾠgreen)	 ﾠlox	 ﾠsite	 ﾠcannot	 ﾠserve	 ﾠas	 ﾠsubstrate	 ﾠfor	 ﾠ
Cre.	 ﾠ	 ﾠ
(c)	 ﾠEight	 ﾠcolor	 ﾠoutcomes	 ﾠresulting	 ﾠfrom	 ﾠpairs	 ﾠof	 ﾠBrainbow	 ﾠAAVs	 ﾠfollowing	 ﾠ
recombination	 ﾠas	 ﾠshown	 ﾠin	 ﾠa.	 ﾠ	 ﾠThis	 ﾠis	 ﾠa	 ﾠminimum	 ﾠvalue,	 ﾠbecause	 ﾠit	 ﾠdoes	 ﾠnot	 ﾠaccount	 ﾠ
for	 ﾠdifferences	 ﾠin	 ﾠrelative	 ﾠintensity	 ﾠof	 ﾠthe	 ﾠfour	 ﾠXFPs	 ﾠ
(d,e)	 ﾠTest	 ﾠof	 ﾠcolor	 ﾠbalance.	 ﾠThe	 ﾠmTFPf-ﾭ‐mCherryf	 ﾠAAV	 ﾠvector	 ﾠwas	 ﾠinjected	 ﾠat	 ﾠlow	 ﾠ
titer	 ﾠinto	 ﾠthe	 ﾠcortex	 ﾠof	 ﾠa	 ﾠThy1-ﾭ‐Cre	 ﾠmouse	 ﾠand	 ﾠneurons	 ﾠof	 ﾠeach	 ﾠcolor	 ﾠwere	 ﾠcounted.	 ﾠ	 ﾠ 29	 ﾠ
Similar	 ﾠfractions	 ﾠof	 ﾠneurons	 ﾠexpressed	 ﾠmTFPf	 ﾠ(58%)	 ﾠand	 ﾠmCherryf	 ﾠ(42%;	 ﾠn=1523	 ﾠ
neurons	 ﾠin	 ﾠ4	 ﾠsections	 ﾠof	 ﾠthree	 ﾠmice;	 ﾠred	 ﾠshows	 ﾠstandard	 ﾠdeviation.)	 ﾠ	 ﾠ
	 ﾠ(f-ﾭ‐h)	 ﾠAAV	 ﾠinjected	 ﾠinto	 ﾠcortex	 ﾠof	 ﾠPV-ﾭ‐cre	 ﾠmice	 ﾠpredominantly	 ﾠlabels	 ﾠinterneurons.	 ﾠg	 ﾠ
and	 ﾠh,	 ﾠhigh	 ﾠmagnification	 ﾠviews	 ﾠof	 ﾠboxed	 ﾠregions	 ﾠin	 ﾠf.	 ﾠ	 ﾠ
(i)	 ﾠAAV	 ﾠinjected	 ﾠinto	 ﾠretina	 ﾠof	 ﾠmouse	 ﾠexpressing	 ﾠCre	 ﾠin	 ﾠretinal	 ﾠganglion	 ﾠcell	 ﾠsubset	 ﾠ
shows	 ﾠlabeling	 ﾠof	 ﾠganglion	 ﾠcell	 ﾠsomata,	 ﾠdendrites	 ﾠ(arrow)	 ﾠand	 ﾠaxons	 ﾠ(arrowhead).	 ﾠ	 ﾠ
(j)	 ﾠAAV	 ﾠinjected	 ﾠinto	 ﾠcerebellum	 ﾠof	 ﾠPV-ﾭ‐Cre	 ﾠmouse	 ﾠlabels	 ﾠPurkinje	 ﾠcells	 ﾠ(fan	 ﾠshaped	 ﾠ
dendrites,	 ﾠwhite	 ﾠarrows)	 ﾠand	 ﾠinterneurons	 ﾠ(cell	 ﾠbodies	 ﾠand	 ﾠaxons,	 ﾠyellow	 ﾠarrows).	 ﾠ	 ﾠ
	 ﾠIn	 ﾠf-ﾭ‐j	 ﾠantibody	 ﾠamplified	 ﾠmTFP	 ﾠand	 ﾠEYFP	 ﾠwere	 ﾠin	 ﾠgreen;	 ﾠTagBFP	 ﾠwas	 ﾠin	 ﾠblue	 ﾠand	 ﾠ
mCherry	 ﾠwas	 ﾠin	 ﾠred.	 ﾠ	 ﾠ
Bars	 ﾠare	 ﾠ20μm	 ﾠin	 ﾠf,	 ﾠ10μm	 ﾠin	 ﾠg	 ﾠand	 ﾠh,	 ﾠ50μm	 ﾠin	 ﾠi	 ﾠand	 ﾠj.	 ﾠ
	 ﾠ
Figure	 ﾠ6.	 ﾠProcessing	 ﾠa	 ﾠBrainbow	 ﾠimage.	 ﾠ	 ﾠ
(a)	 ﾠOriginal	 ﾠimage.	 ﾠ(b)	 ﾠRegion	 ﾠboxed	 ﾠin	 ﾠa.	 ﾠ	 ﾠ(c)	 ﾠDeconvolution,	 ﾠresulting	 ﾠin	 ﾠdecreased	 ﾠ
noise	 ﾠwithout	 ﾠsacrificing	 ﾠspatial	 ﾠresolution.	 ﾠ(d)	 ﾠIntensity	 ﾠnormalization,	 ﾠexpanding	 ﾠ
perceptible	 ﾠcolor	 ﾠrange.	 ﾠ(e)	 ﾠColor	 ﾠshift	 ﾠcorrection	 ﾠ(see	 ﾠalso	 ﾠSupplemenatry	 ﾠFig.	 ﾠ10).	 ﾠ
(f)	 ﾠFully	 ﾠprocessed	 ﾠimage.	 ﾠ	 ﾠ
Yellow	 ﾠarrows	 ﾠindicate	 ﾠsequence	 ﾠof	 ﾠthe	 ﾠimage	 ﾠprocessing.	 ﾠWhite	 ﾠarrowheads	 ﾠ
indicate	 ﾠcorresponding	 ﾠobjects	 ﾠin	 ﾠthe	 ﾠoriginal	 ﾠand	 ﾠcolor-ﾭ‐shift	 ﾠcorrected	 ﾠimages.	 ﾠBars	 ﾠ








	 ﾠFigure	 ﾠ2.	 ﾠImproved	 ﾠvisualization	 ﾠof	 ﾠneurons	 ﾠin	 ﾠBrainbow	 ﾠ3	 ﾠmice.	 ﾠ
 
















 Figure	 ﾠ5.	 ﾠBrainbow	 ﾠAAV.
   Figure	 ﾠ6.	 ﾠPost-ﾭ‐processing	 ﾠroutines	 ﾠfor	 ﾠBrainbow	 ﾠimages.	 ﾠ
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•  Supplementary Figures 1 – 11	 ﾠ
•  Supplementary Tables 1 – 2	 ﾠ
	 ﾠ 	 ﾠSupplementary	 ﾠFigure	 ﾠ1.	 ﾠUse	 ﾠof	 ﾠthe	 ﾠnon-ﾭ‐fluorescent	 ﾠdefault	 ﾠprotein	 ﾠto	 ﾠanalyze	 ﾠexpression	 ﾠpotential	 ﾠof	 ﾠa	 ﾠ




Sagittal	 ﾠsection	 ﾠof	 ﾠbrain	 ﾠfrom	 ﾠBrainbow	 ﾠ3.1	 ﾠ(line	 ﾠ3),	 ﾠstained	 ﾠwith	 ﾠrat	 ﾠanti-ﾭ‐PhiYFP.	 ﾠ	 ﾠ(a)	 ﾠLow	 ﾠpower	 ﾠimage.	 ﾠ	 ﾠC,	 ﾠ
cerebellum;	 ﾠH,	 ﾠHippocampus.	 ﾠ(b,	 ﾠc)	 ﾠHigher	 ﾠmagnification	 ﾠview	 ﾠof	 ﾠcerebellar	 ﾠ(C)	 ﾠand	 ﾠhippocampal	 ﾠ(H)	 ﾠregions	 ﾠ
boxed	 ﾠin	 ﾠa.	 ﾠBars	 ﾠare	 ﾠ1mm	 ﾠin	 ﾠa,	 ﾠ200μm	 ﾠin	 ﾠb,	 ﾠ20μm	 ﾠin	 ﾠc.	 ﾠ




(a)	 ﾠWhole	 ﾠmount	 ﾠof	 ﾠretina	 ﾠfrom	 ﾠIslet1-ﾭ‐Cre;Brainbow	 ﾠ3.1	 ﾠ(line	 ﾠ10)	 ﾠshowing	 ﾠretinal	 ﾠganglion	 ﾠcells.	 ﾠ
(b,c)	 ﾠCerebellum	 ﾠfrom	 ﾠBrainbow	 ﾠ3.1	 ﾠ(line	 ﾠ3);	 ﾠparvalbumin-ﾭ‐cre	 ﾠmouse.	 ﾠLow	 ﾠpower	 ﾠimage	 ﾠin	 ﾠb	 ﾠshows	 ﾠPurkinje	 ﾠ
(yellow	 ﾠarrows)	 ﾠand	 ﾠbasket	 ﾠcells	 ﾠ(cyan	 ﾠarrow).	 ﾠAxon	 ﾠterminals	 ﾠof	 ﾠbasket	 ﾠcells	 ﾠarborize	 ﾠon	 ﾠinitial	 ﾠsegments	 ﾠof	 ﾠ
Purkinje	 ﾠcell	 ﾠaxons.	 ﾠ	 ﾠHigher	 ﾠpower	 ﾠview	 ﾠin	 ﾠc	 ﾠshows	 ﾠaxons	 ﾠfrom	 ﾠmultiple	 ﾠbasket	 ﾠcells,	 ﾠlabeled	 ﾠin	 ﾠdistinct	 ﾠcolors,	 ﾠ
wrapping	 ﾠa	 ﾠPurkinje	 ﾠcell	 ﾠbody	 ﾠand	 ﾠaxonal	 ﾠinitial	 ﾠsegment	 ﾠ(yellow	 ﾠarrow).	 ﾠ	 ﾠ
(d)	 ﾠBrainstem	 ﾠfrom	 ﾠPV-ﾭ‐Cre;Brainbow	 ﾠ3.1	 ﾠ(line	 ﾠ4)	 ﾠshowing	 ﾠaxonal	 ﾠterminals	 ﾠof	 ﾠinhibitory	 ﾠneurons.	 ﾠIn	 ﾠa-ﾭ‐d,	 ﾠantibody	 ﾠ
amplified	 ﾠEGFP,	 ﾠmOrange2	 ﾠand	 ﾠmKate2	 ﾠare	 ﾠin	 ﾠblue,	 ﾠgreen	 ﾠand	 ﾠred,	 ﾠrespectively.	 ﾠ
(e)	 ﾠLabeling	 ﾠof	 ﾠhippocampal	 ﾠneurons	 ﾠby	 ﾠAutobow	 ﾠ(line	 ﾠ2).	 ﾠAntibody	 ﾠamplified	 ﾠCerulean,	 ﾠPhiYFP	 ﾠand	 ﾠmKate2	 ﾠare	 ﾠ
in	 ﾠblue,	 ﾠgreen	 ﾠand	 ﾠred,	 ﾠrespectively.	 ﾠBars	 ﾠare	 ﾠ30μm	 ﾠin	 ﾠa,	 ﾠ20μm	 ﾠin	 ﾠb,	 ﾠ10μm	 ﾠin	 ﾠc	 ﾠand	 ﾠd,	 ﾠ100μm	 ﾠin	 ﾠe.	 ﾠ




Retinal	 ﾠbipolar	 ﾠcells	 ﾠare	 ﾠlabeled	 ﾠby	 ﾠ(a)	 ﾠcytoplasmic	 ﾠGFP	 ﾠand	 ﾠ(b)	 ﾠfarnesylated	 ﾠmembrane	 ﾠGFP.	 ﾠTo	 ﾠimage	 ﾠprocesses	 ﾠ
of	 ﾠneurons	 ﾠlabeled	 ﾠwith	 ﾠcytoplasmic	 ﾠGFP,	 ﾠit	 ﾠis	 ﾠnecessary	 ﾠto	 ﾠsaturate	 ﾠthe	 ﾠsomata.	 ﾠBars	 ﾠare	 ﾠ5µm.	 ﾠ




Motor	 ﾠaxons	 ﾠinnervating	 ﾠextraocular	 ﾠmuscles	 ﾠof	 ﾠa	 ﾠBrainbow	 ﾠ3.0	 ﾠmouse	 ﾠ(line	 ﾠD).	 ﾠa	 ﾠshows	 ﾠnative	 ﾠXFP	 ﾠfluorescence.	 ﾠ
b	 ﾠshows	 ﾠa	 ﾠnearby	 ﾠsection	 ﾠimmunostained	 ﾠwith	 ﾠnon-ﾭ‐crossreactive	 ﾠchicken-ﾭ‐anti-ﾭ‐GFP,	 ﾠrabbit-ﾭ‐anti-ﾭ‐mOrange2	 ﾠand	 ﾠ
guinea	 ﾠpig-ﾭ‐anti-ﾭ‐mKate2.	 ﾠBars	 ﾠare	 ﾠ50μm.	 ﾠ	 ﾠ
	 ﾠ




Immunostained	 ﾠcerebellum	 ﾠsection	 ﾠfrom	 ﾠBrainbow	 ﾠ3.1	 ﾠ(line	 ﾠ3);PV-ﾭ‐cre	 ﾠmouse.	 ﾠ	 ﾠMerged	 ﾠimage	 ﾠis	 ﾠshown	 ﾠin	 ﾠa	 ﾠand	 ﾠ
separate	 ﾠchannels	 ﾠin	 ﾠb	 ﾠ(EGFP),	 ﾠc	 ﾠ(mOrange2)	 ﾠand	 ﾠd	 ﾠ(mKate2).	 ﾠ	 ﾠ(e)	 ﾠPercent	 ﾠof	 ﾠPurkinje	 ﾠcells	 ﾠexpressing	 ﾠeach	 ﾠXFP	 ﾠ
(208	 ﾠneurons	 ﾠfrom	 ﾠ12	 ﾠregions).	 ﾠ	 ﾠBars	 ﾠare	 ﾠ20μm.	 ﾠ
	 ﾠ 	 ﾠSupplementary	 ﾠFigure	 ﾠ6.	 ﾠTests	 ﾠfor	 ﾠincompatible	 ﾠmutant	 ﾠFrt	 ﾠsites.	 ﾠ
	 ﾠ
Canonical	 ﾠFrt	 ﾠsite	 ﾠand	 ﾠmultiple	 ﾠFrt	 ﾠvariants	 ﾠhave	 ﾠbeen	 ﾠreported	 ﾠto	 ﾠallow	 ﾠFlp-ﾭ‐dependent	 ﾠrecombination	 ﾠbetween	 ﾠ
the	 ﾠsame	 ﾠvariants	 ﾠbut	 ﾠnot	 ﾠbetween	 ﾠeach	 ﾠother
17,	 ﾠ18.	 ﾠTo	 ﾠverify	 ﾠincompatibility,	 ﾠthree	 ﾠconstructs	 ﾠwere	 ﾠgenerated	 ﾠ
and	 ﾠtested:	 ﾠ	 ﾠ
(a)	 ﾠConstruct	 ﾠtesting	 ﾠincompatibility	 ﾠbetween	 ﾠFrt5T2	 ﾠand	 ﾠFrt545	 ﾠsites.	 ﾠWhen	 ﾠco-ﾭ‐transfected	 ﾠwith	 ﾠthis	 ﾠconstruct	 ﾠ
and	 ﾠFLP	 ﾠrecombinase,	 ﾠHEK293	 ﾠcells	 ﾠshowed	 ﾠhigh	 ﾠlevel	 ﾠof	 ﾠKusabira-ﾭ‐Orange	 ﾠbut	 ﾠno	 ﾠdetectable	 ﾠmKate2.	 ﾠThis	 ﾠ
indicated	 ﾠthat	 ﾠFrt5T2	 ﾠand	 ﾠFrt545	 ﾠare	 ﾠincompatible.	 ﾠ	 ﾠ
(b)	 ﾠAdding	 ﾠFrtF3	 ﾠsite	 ﾠand	 ﾠTagBFP	 ﾠto	 ﾠthe	 ﾠconstruct	 ﾠin	 ﾠa	 ﾠallowed	 ﾠa	 ﾠthree-ﾭ‐way	 ﾠtest	 ﾠof	 ﾠFrtF3,	 ﾠFrt5T2	 ﾠand	 ﾠFrt545.	 ﾠCo-ﾭ‐
transfection	 ﾠof	 ﾠthis	 ﾠconstruct	 ﾠwith	 ﾠFlp	 ﾠrecombinase	 ﾠshowed	 ﾠTagBFP	 ﾠexpression	 ﾠonly,	 ﾠindicating	 ﾠthat	 ﾠthe	 ﾠFrtF3	 ﾠsite	 ﾠ
is	 ﾠincompatible	 ﾠwith	 ﾠboth	 ﾠFrt5T2	 ﾠand	 ﾠFrt545.	 ﾠ	 ﾠ
(c)	 ﾠAdding	 ﾠthe	 ﾠcanonical	 ﾠFrt	 ﾠsite	 ﾠand	 ﾠTagBFP	 ﾠto	 ﾠthe	 ﾠconstruct	 ﾠin	 ﾠa	 ﾠallowed	 ﾠa	 ﾠthree-ﾭ‐way	 ﾠtest	 ﾠof	 ﾠFrt,	 ﾠFrt5T2	 ﾠand	 ﾠ
Frt545.	 ﾠCo-ﾭ‐transfection	 ﾠof	 ﾠthis	 ﾠconstruct	 ﾠwith	 ﾠFlp	 ﾠrecombinase	 ﾠshowed	 ﾠhigh	 ﾠlevel	 ﾠof	 ﾠTagBFP	 ﾠexpression	 ﾠas	 ﾠwell	 ﾠas	 ﾠ
detectable	 ﾠlevels	 ﾠof	 ﾠKusabira-ﾭ‐Orange	 ﾠand	 ﾠmkate2.	 ﾠThis	 ﾠindicates	 ﾠthat	 ﾠcanonical	 ﾠFrt	 ﾠsite	 ﾠundergoes	 ﾠFlp	 ﾠdependent	 ﾠ
excision	 ﾠwith	 ﾠFrt5T2	 ﾠand	 ﾠFrt545	 ﾠsites.	 ﾠ	 ﾠ	 ﾠ




Section	 ﾠfrom	 ﾠthe	 ﾠhippocampus	 ﾠfrom	 ﾠa	 ﾠtransgenic	 ﾠmouse	 ﾠthat	 ﾠexpressed	 ﾠSUMOstar-ﾭ‐ECFP	 ﾠfusion	 ﾠprotein	 ﾠfrom	 ﾠthe	 ﾠ
Thy1	 ﾠpromoter.	 ﾠ	 ﾠThe	 ﾠsection	 ﾠwas	 ﾠstained	 ﾠwith	 ﾠrabbit	 ﾠanti-ﾭ‐GFP	 ﾠand	 ﾠchicken	 ﾠanti-ﾭ‐SUMOstar,	 ﾠplus	 ﾠappropriate	 ﾠ
secondary	 ﾠantibodies.	 ﾠ
(a)	 ﾠNative	 ﾠfluorescence	 ﾠof	 ﾠECFP.	 ﾠ	 ﾠ
(b)	 ﾠRabbit	 ﾠanti-ﾭ‐GFP	 ﾠ
(c)	 ﾠChicken	 ﾠanti-ﾭ‐SUMOstar.	 ﾠ	 ﾠ	 ﾠ
Bar	 ﾠis	 ﾠ50μm.	 ﾠ
	 ﾠ 	 ﾠSupplementary	 ﾠFigure	 ﾠ8.	 ﾠTests	 ﾠof	 ﾠBrainbow	 ﾠAAV	 ﾠconstructs.	 ﾠ
 
In	 ﾠorder	 ﾠto	 ﾠaccommodate	 ﾠthe	 ﾠ5kB	 ﾠpackaging	 ﾠsize	 ﾠof	 ﾠAAV	 ﾠyet	 ﾠachieve	 ﾠhigh	 ﾠexpression	 ﾠlevel,	 ﾠseveral	 ﾠpromoter	 ﾠ
elements,	 ﾠpolyadenylation	 ﾠsequences	 ﾠand	 ﾠstop	 ﾠmechanisms	 ﾠwere	 ﾠtested	 ﾠin	 ﾠconstructs	 ﾠbased	 ﾠon	 ﾠBrainbow1.	 ﾠ	 ﾠ
(a)	 ﾠThis	 ﾠseries	 ﾠtested	 ﾠthe	 ﾠperformance	 ﾠof	 ﾠa	 ﾠ1kB	 ﾠhybrid	 ﾠpromoter	 ﾠCB6	 ﾠ(CMV	 ﾠenhancer,	 ﾠchicken	 ﾠβ-ﾭ‐actin	 ﾠpromoter	 ﾠ
and	 ﾠhybrid	 ﾠintron,	 ﾠPenn	 ﾠVector	 ﾠCore)	 ﾠas	 ﾠwell	 ﾠas	 ﾠa	 ﾠsmall	 ﾠstop	 ﾠcassette	 ﾠrelying	 ﾠon	 ﾠan	 ﾠopen	 ﾠreading	 ﾠframe	 ﾠshift	 ﾠ
mechanism	 ﾠ(“ORF	 ﾠshift”	 ﾠround	 ﾠcorner	 ﾠempty	 ﾠbox).	 ﾠThe	 ﾠORF	 ﾠshift	 ﾠencodes	 ﾠa	 ﾠKozak	 ﾠsequence	 ﾠand	 ﾠtranslational	 ﾠ
start	 ﾠ(red	 ﾠsolid	 ﾠarrow)	 ﾠto	 ﾠinitiate	 ﾠan	 ﾠ“out	 ﾠof	 ﾠframe”	 ﾠtranslation	 ﾠof	 ﾠthe	 ﾠfollowing	 ﾠmTFP.	 ﾠUpon	 ﾠCre	 ﾠrecombination,	 ﾠ
this	 ﾠstop	 ﾠcassette	 ﾠis	 ﾠremoved	 ﾠand	 ﾠmTFP,	 ﾠPhiYFP	 ﾠor	 ﾠTagRFPt	 ﾠis	 ﾠexpressed.	 ﾠAAV	 ﾠmade	 ﾠfrom	 ﾠthis	 ﾠconstruct	 ﾠ
displayed	 ﾠcre-ﾭ‐independent	 ﾠexpression	 ﾠof	 ﾠXFPs	 ﾠin	 ﾠwildtype	 ﾠmouse	 ﾠbrains.	 ﾠMoreover,	 ﾠexpression	 ﾠfrom	 ﾠthe	 ﾠCB6	 ﾠ
promoter	 ﾠwas	 ﾠweaker	 ﾠthan	 ﾠthat	 ﾠfrom	 ﾠa	 ﾠEF1α	 ﾠpromoter,	 ﾠtested	 ﾠin	 ﾠparallel.	 ﾠ	 ﾠ
(b)	 ﾠThis	 ﾠseries	 ﾠused	 ﾠa	 ﾠpair	 ﾠLoxP	 ﾠleft	 ﾠand	 ﾠright	 ﾠelement	 ﾠmutants	 ﾠ(LE-ﾭ‐RE)	 ﾠto	 ﾠconstruct	 ﾠa	 ﾠCre	 ﾠdependent	 ﾠ
“unidirectional	 ﾠspin”	 ﾠcassette.	 ﾠA	 ﾠBrainbow1	 ﾠconstruct	 ﾠexpressing	 ﾠKusabira-ﾭ‐Orange,	 ﾠEGFP	 ﾠand	 ﾠmCherry	 ﾠwas	 ﾠ
placed	 ﾠin	 ﾠinverted	 ﾠorientation	 ﾠbetween	 ﾠthe	 ﾠLE-ﾭ‐RE	 ﾠloxP	 ﾠsites.	 ﾠAAV	 ﾠgenerated	 ﾠfrom	 ﾠthis	 ﾠconstruct	 ﾠexhibited	 ﾠno	 ﾠCre-ﾭ‐
independent	 ﾠexpression	 ﾠin	 ﾠmouse	 ﾠbrain.	 ﾠHowever,	 ﾠthe	 ﾠproportions	 ﾠof	 ﾠthe	 ﾠthree	 ﾠXFPs	 ﾠexpressed	 ﾠfollowing	 ﾠ
infection	 ﾠof	 ﾠCre	 ﾠtransgenic	 ﾠmice	 ﾠwas	 ﾠgreatly	 ﾠinfluenced	 ﾠby	 ﾠthe	 ﾠlevel	 ﾠof	 ﾠCre	 ﾠexpression.	 ﾠWhen	 ﾠCre	 ﾠlevels	 ﾠwere	 ﾠlow,	 ﾠ
Kusabira-ﾭ‐Orange	 ﾠwas	 ﾠexpressed	 ﾠin	 ﾠmost	 ﾠcells.	 ﾠIn	 ﾠcontrast,	 ﾠwhen	 ﾠCre	 ﾠlevels	 ﾠwere	 ﾠhigh,	 ﾠvery	 ﾠlittle	 ﾠexpression	 ﾠof	 ﾠ
Kusabira-ﾭ‐Orange	 ﾠwas	 ﾠdetected,	 ﾠwith	 ﾠmost	 ﾠcells	 ﾠexpressing	 ﾠmCherry	 ﾠand	 ﾠa	 ﾠminority	 ﾠexpressing	 ﾠEGFP.	 ﾠThis	 ﾠ
imbalance	 ﾠled	 ﾠus	 ﾠto	 ﾠuse	 ﾠthe	 ﾠLE-ﾭ‐RE	 ﾠelements	 ﾠexclusively	 ﾠ(Fig.	 ﾠ2).	 ﾠ	 ﾠ	 ﾠ
(c)	 ﾠThis	 ﾠseries	 ﾠincorporated	 ﾠa	 ﾠSTOP	 ﾠcassette	 ﾠgenerated	 ﾠfrom	 ﾠa	 ﾠtandem	 ﾠMyc	 ﾠepitope	 ﾠtag	 ﾠand	 ﾠa	 ﾠbovine	 ﾠgrowth	 ﾠ
hormone	 ﾠpolyadenylation	 ﾠsequence,	 ﾠtotaling	 ﾠ0.6kB.	 ﾠTo	 ﾠaccommodate	 ﾠthe	 ﾠpackaging	 ﾠsize	 ﾠof	 ﾠAAV,	 ﾠonly	 ﾠtwo	 ﾠXFPs	 ﾠ
were	 ﾠincorporated	 ﾠinto	 ﾠeach	 ﾠconstruct.	 ﾠ	 ﾠInfection	 ﾠwith	 ﾠpairs	 ﾠof	 ﾠAAVs	 ﾠled	 ﾠto	 ﾠmulticolor	 ﾠlabeling	 ﾠ(see	 ﾠd).	 ﾠAs	 ﾠin	 ﾠ
constructs	 ﾠshown	 ﾠin	 ﾠb,	 ﾠhowever,	 ﾠrelative	 ﾠexpression	 ﾠof	 ﾠthe	 ﾠtwo	 ﾠXFPs	 ﾠin	 ﾠeach	 ﾠvector	 ﾠvaried	 ﾠamong	 ﾠCre	 ﾠlines.	 ﾠ	 ﾠ
Based	 ﾠon	 ﾠthese	 ﾠtests,	 ﾠwe	 ﾠdesigned	 ﾠnew	 ﾠAAVs	 ﾠ(Fig.	 ﾠ5a)	 ﾠincorporating	 ﾠEF1α	 ﾠpromoter,	 ﾠLE-ﾭ‐RE	 ﾠmutant	 ﾠsites,	 ﾠ
farnesylated	 ﾠXFPs,	 ﾠa	 ﾠsingle	 ﾠWPRE	 ﾠsequence,	 ﾠand	 ﾠa	 ﾠ0.5kB	 ﾠhuman	 ﾠgrowth	 ﾠhormone	 ﾠpolyadenylation	 ﾠsequence.	 ﾠ	 ﾠ
(d)	 ﾠBrain	 ﾠfrom	 ﾠa	 ﾠThy1-ﾭ‐cre	 ﾠmice	 ﾠinfected	 ﾠwith	 ﾠthe	 ﾠtwo	 ﾠAAV	 ﾠshown	 ﾠin	 ﾠc.	 ﾠNative	 ﾠfluorescence	 ﾠof	 ﾠTagBFP	 ﾠin	 ﾠblue,	 ﾠ
Kusabira-ﾭ‐Orange	 ﾠand	 ﾠEGFP	 ﾠin	 ﾠgreen,	 ﾠmCherry	 ﾠin	 ﾠred.	 ﾠ	 ﾠ




(a)	 ﾠSagittal	 ﾠsection	 ﾠof	 ﾠPV-ﾭ‐Cre	 ﾠmouse	 ﾠbrain	 ﾠshows	 ﾠfluorescent	 ﾠlabeling	 ﾠby	 ﾠBrainbow	 ﾠAAV	 ﾠinfection.	 ﾠWhite	 ﾠarrow	 ﾠ
indicates	 ﾠinjection	 ﾠsite.	 ﾠ(b)	 ﾠMagnified	 ﾠview	 ﾠof	 ﾠblue	 ﾠboxed	 ﾠregions	 ﾠin	 ﾠa.	 ﾠ(c,	 ﾠd)	 ﾠMagnified	 ﾠviews	 ﾠof	 ﾠregions	 ﾠboxed	 ﾠin	 ﾠ
b.	 ﾠBars	 ﾠare	 ﾠ300μm	 ﾠin	 ﾠa,	 ﾠ50μm	 ﾠin	 ﾠb	 ﾠand	 ﾠ20μm	 ﾠin	 ﾠc,	 ﾠand	 ﾠd.	 ﾠ
 
    




(a,b)	 ﾠX-ﾭ‐Y	 ﾠplane	 ﾠ(a)	 ﾠand	 ﾠcross	 ﾠsections	 ﾠ(b)	 ﾠshow	 ﾠaxial	 ﾠand	 ﾠlateral	 ﾠchromatic	 ﾠaberration,	 ﾠas	 ﾠwell	 ﾠas	 ﾠlaser	 ﾠ
misalignment	 ﾠcause	 ﾠcolor	 ﾠoffset	 ﾠin	 ﾠX-ﾭ‐Y-ﾭ‐Z	 ﾠdirections.	 ﾠ(c,d)	 ﾠColor-ﾭ‐shift	 ﾠcorrection	 ﾠof	 ﾠimages	 ﾠin	 ﾠa,b	 ﾠalign	 ﾠthe	 ﾠ
channels	 ﾠand	 ﾠrestore	 ﾠcorrect	 ﾠcolors.	 ﾠArrowheads	 ﾠindicate	 ﾠcorresponding	 ﾠobjects	 ﾠin	 ﾠthe	 ﾠoriginal	 ﾠand	 ﾠcorrected	 ﾠ
images.	 ﾠBars	 ﾠare	 ﾠ3µm.	 ﾠ




(a)	 ﾠOriginal	 ﾠimage.	 ﾠ(b)	 ﾠEnlarged	 ﾠview	 ﾠof	 ﾠregion	 ﾠboxed	 ﾠin	 ﾠa.	 ﾠ(c)	 ﾠGuassian	 ﾠfilter	 ﾠwith	 ﾠradius	 ﾠof	 ﾠ1.0	 ﾠpixel.	 ﾠ(d)	 ﾠMedian	 ﾠ
filter	 ﾠwith	 ﾠradius	 ﾠof	 ﾠ1.0	 ﾠpixel.	 ﾠ(e)	 ﾠDeconvolution	 ﾠby	 ﾠHuygens	 ﾠsoftware.	 ﾠ	 ﾠBars	 ﾠare	 ﾠ10µm	 ﾠin	 ﾠa,	 ﾠ2µm	 ﾠin	 ﾠb-ﾭ‐e.	 ﾠ